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ABSTRACT 
SEDIMENTARY CHARACTERISTICS OF AN ESTUARINE MARSH SYSTEM AND 
THE ROLES OF STORM OVERWASH, MICRO-TIDAL CURRENTS, AND 
ORGANIC PRODUCTION: BIG BRANCH MARSH, LOUISIANA 
by John Andrew Sebastian Fleming 
May 2013 
The goal of this thesis is to document sediment composition in Big Branch Marsh 
National Wildlife Refuge, located on the northern shore of Lake Pontchartrain in St. 
Tammany Parish, Louisiana, to discern the relative influences of fluvial, tidal, and storm 
overwash transport dynamics of a micro-tidal estuarine marsh system. Collected sediment 
samples from tidal channel beds, pond bottoms, and marsh surfaces were analyzed for 
organic content and particle-size distribution. Parameters of sub-environment groups 
were compared to find differences representing changes in relative transport energy and 
depositional processes. Whereas some results adhered to the model of fining patterns 
with increasing distance into the estuarine marsh environment, there were some 
anomalies that suggested that such a simple correlation cannot be used to predict the 
sediment distribution for the study area. Anomalies are explained by the combination of 
two different sediment supply mechanisms: (i) storm overwash and (ii) daily micro-tidal 
currents. Relatively coarse-grained sediments are uniformly deposited in all sub-
environments during overwash events. Subsequently, micro-tidal currents introduce 
relatively fine-grained sediments to the immediate Bayou Lacombe corridor and proximal 
marsh sub-environments, but affects diminish toward the distal areas of the system. 
11 
Thus, coarse sediments deposited by storm overwash in the interior marsh are not 
effectively "masked" by micro-tidal processes. The combination of these two 
depositional processes with vertical accretion of organic matter is the mechanism by 
which micro-tidal marshes are sustained. Results should inform coastal restoration 
efforts, notably activities to introduce additional sediment into marsh environments to 
offset relative sea-level rise and shoreline erosion. 
lll 
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CHAPTER I 
INTRODUCTION 
An estuary is defined as "the seaward portion of a drowned valley system which 
receives sediment from both fluvial and marine sources and which contains facies 
influenced by tide, wave, and fluvial processes" (Dalrymple et al., 1992). Estuarine 
marshes can be viewed as interfaces between the fluvial systems and marine systems 
(Byrne et al., 2001). These environments are unique both in their dynamic geologic and 
biologic formative processes and features. They also serve a role as highly valuable 
resources, serving as sediment sinks, carbon reservoirs, water quality regulators, and 
ecological habitats (Ward et al., 1998; DeLaune et al. , 2003; Forbes and Dunton, 2006; 
Mattheus et al., 2010). 
Existing Models 
Sedimentation and morphology of coastal marsh environments are determined by 
the relative roles of fluvial and coastal processes (Figure 1). Sediments transition from 
coarser to fi ner-grained sized particles (Boggs, 2006) with increasing distance from the 
tidal source. This general pattern represents a transition to lower energy transport and 
depositional processes. There has been considerable research done on sediment 
distribution, landforms, and depositional processes of wave-dominated, micro-tidal 
estuarine marshes. Whereas these studies are applicable to areas such as the Benin and 
South African coasts (Anthony et al. , 1996; Cooper, 2002), the mechanics and 
characteristics cannot be translated to estuarine marshes on the northern Gulf Coast. 
Wave-dominated systems are subject to high levels of marine energy that have the ability 
to infill channels and rapidly rework estuarine sediment (Anthony et al., 1996). Many 
estuarine marshes on the northern Gulf Coast occur in protected bays and their 
geomorphic characteristics are a result of a delicate balance between low-gradient fluvial 
and micro-tidal currents. Tropical cyclone events can also influence the geomorphic 
characteristics of the system by periodically introducing new sediment and reworking 
existing sediment through storm overwash (Wood and Hine, 2007; Reed et al., 2009). 
Without the constant presence of overpowering djrect marine energy, the influence of 
fluvial and tidal currents on the distribution of sediment and morphology of marshes and 
channels can be studied with minimal interference. 
Supratodel 
--4-- HlghM_...,-
Intertidal 
,....,'<Fl. ___ Low lldl,..., -
SUbtidal 
Figure 1. General Morphology of Coastal Marsh Environments. Diagram illustrates the 
general sediment distribution and morphology of a coastal marsh environment with a 
considerable tidal range. With increasing djstance from tidal source, sediments transition 
from a coarser to finer-grained particle distribution. Modified from Boggs, 2006. 
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Importance 
Estuarine marshes serve as sediment sinks, carbon reservoirs, water quality 
regulators, and important ecological habitats (Ward et aJ. , 1998; DeLaune et al., 2003; 
Forbes and Dunton, 2006; Mattheus et al., 2010). These environments serve as nurseries 
for many species of economically important fish and are an important nutrient 
producer-the presence of these marsh systems can also provide a buffer from the impact 
of storm events (Craig et al. , 1979). 
In the environmental realm, coastal and marsWand restoration efforts need to be 
efficient and pragmatic in rehabilitating coastal environments (Turner, 1997). The 
popular goals of coastal and marsWand restoration projects currently involve replacement 
of native vegetation and other biota that are dependent on gradational changes from 
terrestrial to estuarine to marine conditions and salinity levels (NOAA, 2003). This 
vegetation is also dependent on estuarine sediment and morphology (Turner, 1997). 
Therefore, it is crucial to understand the sediment distribution of the estuarine marsh 
environment and the natural mechanics that control it. 
Many studies have found extremely fast rates of subsidence in marshes of South 
Louisiana, producing a relative sea-level rise (Callaway et al. , 1997 and Milliken et aJ., 
2008). With such high rates of regional subsidence, vertical accretion rates will need to 
be substantial for estuarine marsh systems to remain sustainable. An important 
assumption is that micro-tidal marshes and channels provide a natural laboratory where 
relative fluvial controls can be isolated to develop an understanding of shoreline 
modification along the northern Gulf Coast, notably with respect to documented sea-level 
rise (Milliken et al. , 2008). With the abundance of marsh areas and a low tidal regime, 
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the northern Gulf Coast is an ideal place to study accretion rates of marshes (Callaway et 
al., 1997). 
The goal of this project is to study channel, pond, and marsh sediment 
composition and general morphology of a fluvio-tidal marsh system adjacent to an 
enclosed estuary in order to accurately model the relative influences of fluvial and tidal 
exchange dynamics in a micro-tidal setting. The following research questions are posed: 
(1) How do contemporary models of marsh sedimentology and morphology 
compare with observations in an enclosed, estuarine micro-tidal marsh along 
the northern Gulf Coast? 
(2) How does the particle distribution vary between estuarine marsh sub-
environments? 
(3) Are there any spatial patterns of particle size within a micro-tidal estuarine 
marsh that indicate the relative contributions of fluvial and tidal currents or 
flooding from storm overwash for the distribution of sediment in the marsh? 
To answer these questions, Big Branch Marsh National Wildlife Refuge and the 
associated Bayou Lacombe fluvio-tidal system, located on the northern shore of Lake 
Pontchartrain in St. Tammany Parish, Louisiana, is studied as an example of the micro-
tidal marsh environments common along the northern Gulf Coast (Figure 2). 
Hypotheses 
The following hypotheses will be tested: 
(1) This study of Big Branch Marsh and Bayou Lacombe will provide an example 
of how a typical estuarine-marsh system along the northern Gulf Coast differs 
from other studied marsh systems in sediment distribution, accretion, and 
sustainability factors. 
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(2) There are significant differences when comparing average organic content and 
particle size statistics of estuarine-marsh sub-environments found in the study 
area: Bayou Lacombe, tidal channel, pond, and marsh. 
(3) Both an overall and sub-environment specific fining pattern (negative trend) 
of inorganic particle size will be evident with increasing distance from both 
Bayou Lacombe and Lake Pontchartrain. 
Thesis Scope 
Field and lab work to address these questions and test these hypotheses were done 
in the June 2011 through January 2012 and November 2011 through May 2012, 
respectively. Sediment samples were retrieved from study area channels, ponds, and 
marsh sites and processed for organic content and particle size distribution in The 
University of Southern Mississippi Sedimentology Laboratory. 
Figure 2. Big Branch Marsh National Wildlife Refuge. The above image shows Big Branch Marsh National Wildlife Refuge located 
on the northern shore of Lake Pontchartrain. Green lines indicate national wildlife refuge boundaries. Image modified from Google 
earth. 
0\ 
CHAPTER IT 
LITERATURE REVIEW 
Estuarine Marshes 
Estuarine marshes can be viewed as interfaces between fluvial systems and 
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marine systems (Byrne et al., 2001). As products of many dynamic geologic and biologic 
processes, estuarine marshes are influenced by inorganic sediment supply, nutrient 
upply, flood frequency, tidal range, vegetation productivity, climate, and relative sea-
level rise (DeLaune et al., 2003; Ward et al., 1998). For an estuarine marsh to remain 
ustainable, these dynamics, which can vary both regionally and locally, must exist in 
quasi-equilibrium (DeLaune et al., 2003). These environments are not only unique in 
their formative processes and features but also have been recognized as highly valuable 
resources, serving as sediment sinks, carbon reservoirs, water quality regulators, and 
ecological habitats (Ward et al., 1998; Forbes and Dunton, 2006; Mattheus et al., 20 10). 
Fluvial and Tidal Processes 
In estuarine marsh systems, there are two forces that shape the landform daily: 
tidal and fluvial currents. Just as in fluvial systems, freshwater flowing into estuarine 
marsh systems is derived from watershed-scale hydrology. Whereas average levels of 
flow maintain channels, flooding from fluvial freshwater sources has proven to be crucial 
to marsh development in areas such as South Louisiana. Freshwater input is a delicate 
dynamic in marsh development, with major contributions occurring through periodic 
floods. Saltwater stress on vegetation can be relieved and germination increased by 
moderate riverine flooding. If flooding and subsequent saltwater stress relief is 
consistent, a change to more freshwater species of vegetation can be initiated. However, 
extreme riverine flooding can result in widespread vegetation mortality (Forbes and 
Dunton, 2006). 
For tidal energy, the potential for geomorphic work decreases upstream from the 
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tidal source. Evidence for this decrease is seen in the absence of tidally-formed levees on 
marsh banks in upstream reaches. The inability of tidal currents to carry and deposit 
sediment upstream represents a decrease in energy. Whereas this general decrease in 
energy upstream is valid, tidal dynamics in estuarine marshes are much more complex 
and variable than fluvial systems (Collins et al., 1986). 
In an analysis of tidal current asymmetry in shallow, estuarine tidal creeks in 
Georgia and Portugal, Blanton et al. (2002) found that the strength and duration of ebb 
and flood currents varied throughout the estuary with locations of distinct change. At the 
transition from the estuarine channel to the tidal creek, there is an increase in strength and 
decrease in the duration of the ebb current accompanied by a decrease in strength and 
increase in duration of the flood current. At the heads at the tidal creeks, there is a 
change to a stronger and shorter flood tidal current (Blanton et al., 2002). These abrupt 
changes are examples of variability in the tidal dynamics of estuarine marshes. 
In a study of tidal network basins, it was found that simple geomorphic 
relationships that hold true for all scales of fluvial networks such as channel to width 
relationships do not apply to the range of scales found in tidal networks. Certain 
relationships such as power laws in watershed area versus drainage density, main stream 
length, or channel width relationships can be site specific. Also, tidal networks can 
exhibit greater diversity in their geomorphic forms than fluvial networks, which is 
suggested to be a result of spatial diversity of flow rates and competing dynamic 
processes (Rinaldo et al., 1999). Due to the variability of geomorphic relationships in 
tidal networks, it may prove difficult to model the hydrodynamics of an estuarine marsh. 
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In a study of a mature estuarine marsh in the San Francisco Bay area, tidal range 
influenced the shape of the channels dissecting the estuarine marsh environment. 
Channels that are influenced by the full tidal range exhibited a width to depth ratio that is 
greater than unity. If the elevation of the thalweg was higher than the mean low tide level 
for the location, the channel width to depth ratio was less than unity. Additionally, 
thalweg gradient increased with distance upstream. While the channel width to depth 
ratio changes along the longitudinal profile, the width to distance ratio remains nearly 
constant along the longitudinal profile (Collins et al., 1986). 
Collins et al. ( 1986) also found channels in estuarine marshes can capture each 
other through headward erosion, similar to stream capture in fluvial systems. When this 
occurs across drainage divides, tide convergence will shift toward the channel with the 
later tidal schedule, creating a continuous channel connecting the original tidal sources. 
Due to a drop in tidal energy brought on by the convergence of two opposing tidal flows, 
the convergence zone becomes a site for rapid sedimentation, eventually leading to a new 
divide (Collins et al., 1986). 
Tidal inundation of marsh vegetation can occur with episodes of fluvial flooding 
(Cahoon et al., 1996). Due to random spatial variations in marsh micro-topography, 
vegetation type and density, duration of tidal flooding does not vary consistently with 
distance from tidal channels (Ward et al., 1998). Estuarine environments with 
considerable tidal range can produce two distinct marsh environments within the same 
estuarine marsh system: high marsh and low marsh. Marshes at slightly higher elevations 
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(high marsh) will be inundated with tidal water less often than marsh islands at lower 
elevations (low marsh). If the tidal currents carry sediment that is significant to marsh 
accretion, then marshes at lower elevation should possess faster rates of accretion (Byrne 
et al., 2001). High and low marshes represent extremes in marsh vegetation's stress 
tolerance of saltwater intrusion and inundation duration (Forbes and Dunton, 2006). 
Micro-tidal marshes of Louisiana generally do not exhibit characteristics of contrasting 
high and low marshes (Nyman et al., 1995b). 
The study area is located near the mouth of Bayou Lacombe and is subject to both 
fluvial and tidal currents daily-storm overwash also performs geomorphic work in the 
area. Big Branch Marsh has a micro-tidal regime; therefore, several characteristics 
discussed above are not exhibited in the study area. Although elevation of marsh 
surfaces does vary, there are not two distinctly different marshes in the study area. 
Because all channels in the study area experience the full tidal range, variations in 
channel geometry cannot be attributed to changes in influence of tidal range. There is a 
general decrease in potential for geomorphic work upstream, but a combination of tidal 
and storm influences make this trend more complex. 
Tidal dynamics can have a direct impact on biological makeup and biomass 
development of an estuarine marsh. For example, while most of the tidal channels in an 
estuarine marsh environment may be nearly totally drained at low tide, ponds and tidal 
flats may still hold water, providing an essential part of the habitat for fishes and macro-
invertebrates (Weishar et al., 2005). Tidal currents also play a role in vegetation 
productivity of a marsh environment by carrying sediment, nutrients, and seeds into the 
marsh interior and carrying out detritus and other marsh waste. The impact of tidal 
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currents is related to the energy of the tidal current. Tidal energy decreases from marsh 
edge to marsh interior as indicated by the decrease of inorganic material in interior marsh 
soils with a corresponding increase of organic matter content (Collins et al., 1986; Ward 
et al., 1998; Culberson et al., 2004; Weishar et al., 2005). Additionally, the flooding of 
the marsh plain either by tidal or river flow raises pore water levels, increases soil 
saturation, and decreases oxygen diffusion, resulting in anoxic conditions (Weishar et al., 
2005). 
The location of the brackish marsh area near the mouth of Bayou Lacombe and 
close proximity to Lake Pontchartrain subjects the vegetation to a range of salinity 
conditions. Higher saline conditions are prevalent with time of low Bayou Lacombe 
flow, and more freshwater conditions are prevalent with higher flow from Bayou 
Lacombe. Also, conditions of the Lake Pontchartrain estuary can affect the salinity of the 
Big Branch Marsh area. High flow conditions of the Mississippi River and resultant 
increased flow through the Bonnet Carre Spillway into the Lake Pontchartrain estuary 
can reduce saltwater stress on marsh vegetation of the study area temporarily. 
Marsh Vegetation 
The type of vegetation found in a marsh is dependent upon the conditions under 
which the vegetation must thrive or tolerate to survive. Vegetation properties vary 
spatially depending on tidal inundation, drainage patterns, channel morphology, and 
salinity (Weishar et al., 2005). When considering freshwater, saltwater, and brackish 
marshes, brackish water marshes possess the highest diversity, most likely due to the fact 
that there is a wider range of vegetation that grows under slightly saline to fresh 
conditions (Byrne et al., 2001). 
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The delicate balance between freshwater river flow and saltwater tidal flow input 
into the system controls the salinity of an estuarine marsh. Just as properties of channel 
geometry, the longitudinal slope of the salinity gradient can change as a result of tidal 
cycles and seasonal variations in freshwater river flow. Changes in salinity can impact 
the type of marsh vegetation. Variations on the scales of a few years will cause the 
relatively rapid movement of salt-tolerant species of vegetation upstream during periods 
of drought and downstream during periods of higher river flow. On a longer time scale, 
sea-level change is responsible for changes in salinity, which impacts the up- or 
downstream movement and composition of the entire estuarine marsh system (Byrne et 
al., 2001). 
Vegetation can also play a part in decreasing current velocities in an estuarine 
marsh. When marsh is inundated, marsh vegetation can dampen current velocities and 
wave action quite effectively when not totally submerged. When water level overtops the 
maximum height of the marsh, however, impact on current velocities and wave action is 
greatly decreased (Yang, 1998). Consequently, sedimentation in estuarine marshes can 
also be affected by vegetation. Yang (1998) found that marsh sediments contained 1.55 
times more fine-grained sediments (silts and clays) than adjacent tidal flats, which 
consisted of mostly sand. The stems and leaves of vegetation provide obstacles for flood 
and ebb currents to travel through, creating friction and resulting in a drop in velocity-
this drop in energy allows for fine-grained sediment to drop out of suspension and settle 
on the marsh surface. The impact of vegetation on current velocities and sedimentation is 
directly related to properties such as density, height, and structure (Yang, 1998). Zarillo 
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( 1979) suggests that the rate of energy loss of transporting currents in the marsh system is 
everal orders of magnitude greater than within the estuary proper. 
Marsh vegetation can be considered sediment filters , reducing the amount of 
fluvial sediment reaching open marine bodies of water. As mentioned previously, tidal 
energy can be decreased by marsh vegetation. Vegetation has been found to be the main 
regulator of tidal energy distribution on marsh plains, translating to control in sediment 
distribution in the marsh plain. For sediment carried by tidal currents, the filtering is 
re tricted to marsh adjacent to the channel (Collins et. al, 1986). 
The dominant Spartina family vegetation of the study area is very thick in most 
areas, providing obstructions that slow down flood currents, allowing for increased fine-
sized particle deposition. In some areas, the vegetation is not as thick or has undergone 
control burns, likely allowing fine-grained sediment to be transported further into the 
marsh, but the majority of the study area marsh vegetation is thick and should serve as a 
regulator of tidal energy over the marsh plain. 
Vegetation is also a factor in the formation of geomorphic features in the upper 
reaches of first-order streams in estuarine marshes. Collins et al.(l986) defined drainage 
Y terns headward of first order channels that were shaped by both tidal and biological 
processes-such biological processes involved vascular plants overgrowing first order 
channels, causing retrogression or producing subterranean channels on the upland marsh 
plain. 
Physiographic features and vegetation of the marsh plain have been linked to 
elevation ranges, proximity to sediment source, duration of inundation, soil salinity, and 
nutrient availability (Collins et al., 1986; Forbes and Dunton, 2006). Substantial 
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increases in elevation can expose vegetation to fewer tidal currents and create a more 
aerated soil, resulting in vegetation that does not have to be as tolerant to saltwater and 
anoxic conditions as that in lower elevations. Closer proximity to sediment sources can 
result in an increase in nutrient availability and more productive vegetation. Also, 
accretion is not as dependent on organic matter production and subsequent 
decomposition. Inundation duration can be linked to proximity to tidal source and 
elevation-longer inundation periods yield vegetation that must be more tolerant to those 
conditions. Marshes near bay margins are characterized by overwash deposits of 
adjacent bay bottom sediment deposited by wave action on the marsh edge (Ward et al., 
1998). 
Marsh productivity is a major factor in vertical accretion of brackish marshes of 
South Louisiana- marsh soils can consist up to around 40% organic matter (Nyman and 
Chabreck, 1995). There is interest in maximizing marsh productivity to help combat loss 
of wetland marsh areas. Prescribed burns have been used in Big Branch Marsh with the 
intentions of increasing marsh vegetation productivity and subsequent vertical accretion. 
The positive effect of prescribed bums is subject to the schedule of the burns, the 
presence of previous organic matter, and environmental factors such as storm overwash 
processes and nutria activity (Henton et al., 2013). 
Sedimentology 
A major factor in the sustainability of an estuarine marsh with respect to local sea-
level rise is the supply of inorganic sediment to the system (Mattheus et al. , 2010). 
Mar h shorelines can retreat through erosion, prograde, or drown depending on local 
edimentation and vegetative processes and changes in eustatic sea level rise 
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(Schwimmer and Pizzuto, 2000). In a stratigraphic sequence of a marsh environment, 
edimentological properties are controlled by overwash processes, tidal channel 
migrations, tidal flooding duration, changes in sea-level, and anthropogenic influences. 
On the local scale, sedimentary processes can be enhanced by sediment compaction, tidal 
channel dynamics, bank erosion, and anthropogenic effects. Sediment compaction 
through dewatering or diagenesis lowers the marsh surface, allowing for more frequent 
inundation and subsequent sediment introduction, increasing sedimentation rates. Tidal 
channel dynamics such as channel migration can move the flood source closer to a marsh 
ite, increasing inundation frequency and duration, particle size of deposited inorganics, 
and sedimentation rates. Channel margin marshes possess coarser particles, lower 
organic content, and higher sedimentation rates than corresponding interior marsh sites. 
Furthermore, suspended sediment inputs can strongly influence vertical accretion of 
marsh islands. It is typical to find coarser sediments with lower organic matter contents 
in channels and tidal flats and finer sediments with higher organic matter contents in 
marsh interiors (Ward et al., 1998). 
The importance of sediment introduction into marsh interiors can vary in different 
types of marsh environments. Freshwater marsh environments might rely more heavily 
on organic matter accumulation for vertical accretion than relatively saline marsh 
environments, where vertical accretion is more dependent on inorganic sediment 
accumulation. Figure 3 illustrates the processes involved in marsh accretion with sea 
level rise (Reed, 2002). 
In a study of estuarine marshes in Chesapeake Bay, it was found that landward 
mar hes are more stable in relation to relative sea-level rise than the estuarine marshes 
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further seaward. This is due to a greater delivery of suspended sediment in river flow to 
the upper reaches of the marsh, resulting in greater vertical accretion rates. Estuarine 
proces es, such as flood-tidal currents diminishing the energy of fluvial currents and 
di tributaries relieving high flow conditions, limit the amount of available sediment for 
vertical accretion by limiting the movement of sediment to the lower reaches of 
marshland along the channel (Ward et al., 1998). In another study of the marsh in the 
Che apeake Bay area, it was found that most sedimentation in estuaries occur in the 
ubtidal flats-in emergent marsh vegetation, ebb-dominate tidal currents result in a net 
export of sediment from the marsh system (Stevenson et al., 1988). 
The source of suspended sediment load, direction of sediment transport, and 
volume of sediment movement can vary with time of year, intensity, and direction of tidal 
flow and variation of influences. In a study of Cedar Creek and the associated marsh in 
we t-central Florida, suspended loads of tidal creek currents under normal conditions 
consisted of marsh edge or open marine fringe sediments, organic aggregates, and fecal 
material. With winter storm influence, suspended loads consisted of sediments 
resuspended from beyond the tidal creek mouth due to increased wave activity and were 
transported further inland with high-tide conditions (Leonard et al., 1995). This example 
hows how abnormal conditions can actually play a considerable role in the sediment 
distribution throughout a tidal marsh area. 
The study area lies within an estuarine marsh setting where daily tidal currents 
work with fluvial currents to shape the landscape. Although micro-tidal, the tides do 
represent an important force available for geomorphic work in the area. Also important 
are the overwash events that introduce storm-derived sediment from Lake Pontchartrain 
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Figure 3. Geomorphic and Vegetative Processes Contributing to Marsh Accretion. 
Diagram illustrates the geomorphic and vegetative processes involved in vertical 
accretion of marsh environments. Modified from Reed (2002). 
into the study area. Sedimentation processes and rates in the study area marshes will 
differ based on proximity to Bayou Lacombe, tidal channels, and Lake Pontchartrain. 
Marshes closer to Bayou Lacombe represent an area that is more influenced by flooding 
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while marshes near the eastern boundary of our study area are more isolated from Bayou 
Lacombe influences. Also, interior marsh soils should contain higher organic contents to 
compensate for the lack of inorganic sediment supply. 
Whereas there is no high and low marsh differentiation in the study area, there are 
differences in proximity to sediment source. Marshes closer to Lake Pontchartrain 
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hould show more overwash characteristics than those sites further away from the lake 
hare. Also, marsh sites with closer proximity to Bayou Lacombe should show sediment 
composition reflecting deposition from Bayou Lacombe tidal and fluvial currents. 
Marsh Accretion and Sea-Level Rise 
Vertical accretion rates are defined by the gross linear rates of sediment 
accumulation in a marsh averaged over a period of time (Callaway et al., 1997). These 
accretion rates can vary within an estuarine marsh due to differences in elevation of 
individual marsh islands. The following are some of the key factors that have been 
proposed to affect accretion rates: relative elevation, tidal range, proximity of the 
ediment source and tidal creek system, plant community and vegetation density, and 
local rates of subsidence. 
Marshes vertically accrete through accumulation of both inorganic sediment and 
organic matter, but in some areas such as South Louisiana, much of the marsh accretion 
i dependent on accumulation of organic matter (DeLaune et al., 2003). The long term 
tability of marshes is dependent upon the relative rates of vertical accretion and local 
ubsidence. If vertical accretion cannot keep up with local subsidence or sea-level rise, 
then saltwater intrusion or total wetland loss will be the result. For all marshes, there is 
an optimal water depth at which the marsh vegetation can thrive. Therefore, a balance of 
vertical accretion and sea-level rise is optimal for estuarine marsh production and 
u tainability. 
One of the main controls on marsh development or destruction is sea-level 
fluctuation. Rates of sea-level rise must be slow enough to allow adequate time for the 
accumulation of sediment and organic matter, which maintains marsh elevation at mean 
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water levels (Ward et al., 1998). With current relative sea-level rise predictions for areas 
along northern Gulf Coast ranging from 2 to 15 rnrnlyear (Milliken et al., 2008), 
ubmergence rates along the Gulf Coast can result in a significant increase in the 
hydroperiod for micro-tidal, estuarine marshes. This increase in accommodation space 
should theoretically allow an increase in the amount of sedimentation (Ward et al., 1998). 
However, a rise in sea-level will flood an estuarine marsh that does not vertically accrete 
at the same or faster rate. This flooding can reduce vegetation productivity but can also 
decrease the decomposition rate of organic matter in marsh soils, which could slow the 
rate of shallow subsidence (Nyman et al., 1995b). 
Typical average accretion rates of estuarine marsh range from 0.6 to 1.6 rnrnlyr 
(Byrne et al., 2001). Along the Louisiana shoreline, accretion rates have generally not 
been fast enough to keep up with subsidence or local sea-level rise (DeLaune et al., 
2003). Consequently, a more accurate evaluation of marsh stability would be net 
accretion rate, which is equal to the vertical accretion rate minus the relative sea-level 
ri e for the location. This alternative measurement provides a single evaluation technique 
to determine marsh sustainability with respect to rises in sea-level (Callaway et al., 1997). 
Storm Influences 
In an estuarine marsh setting, storm events can yield fluvial flooding and storm 
overwash events. In some settings, winter storms can produce significant flooding that 
plays a key role in the sustainability of the marsh (Cahoon et al. , 1996). In others, 
tropical storms can introduce significant amounts of sediment through overwash events, 
influencing vertical accretion rates and increasing sustainability. These events also have 
the power to rework the landscape (Nyman et al., 1995a). 
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Hurricane sediment deposits are distributed as broad, unbroken blankets of 
·ediment on marsh plains. These blankets can vary texturally due to different sediment 
ources (e.g. bay bottom, channel bottom) and may be coarser than non-storm deposits 
due to greater energy, although the sediment source location for both types of deposits is 
likely the same (Nyman et al., 1995a). Storm surges associated with strong tropical 
torms can deliver coarse sediment further into marsh environments, which can alter 
fining landward patterns (Ward et al., 1998). These deposits are generally much greater 
than average yearly sediment accretion through tidal currents, but thicknesses can vary 
from site to site within a marsh environment. Furthermore, due to the counter-clockwise 
rotation of hurricanes in the Gulf of Mexico, the strongest storm surge is just to the east 
of the center of the storm, producing the thickest accumulation of storm deposited 
ediments (Nyman et al., 1995a). 
In a study of hurricane deposits in a marsh system in St. Louis Bay, Mississippi, it 
wa found that hurricane overwash can be essential in marsh accretion in the Northern 
Gulf Coast-27% of marsh sediment accumulation over a 56-year period was produced 
by two major hurricanes that made landfall near the study area in 1947 and 1969. The 
and-sized storm deposits appear to be an important aspect of the sediment budget when 
considering long-term sustainability (Febo et al. , 2003). 
In a study of Tijuana River estuarine marshes located in arid southern California, 
it was found that the accretion of the marsh islands was almost entirely dependent on 
Winter storm-induced, sediment laden river flows-daily tidal flooding contributed 
minimal or no sediment throughout the year due to longshore currents carrying sediment 
away from the tidal source for the system (Cahoon et al., 1996). The sediment being 
21 
delivered to the system during the winter storms was trapped by the marsh, allowing the 
ystem to retain nutrients and increase surface elevation. Because nearly all of the 
fre hwater flows occur during the winter, the system is dominated by marine conditions 
during other times of the year or when the flooding does not occur. Consequently, a 
period of years lacking winter storms in the upland area could result in marsh accretion 
rates that cannot keep up with local sea-level rise. The tectonic uplift in the region of 
0.16- 0.20 mm/year is much less than the estimated sea-level rise of 1-3 rnm/year. 
Consequently, to avoid total inundation of the system, sediment must be delivered 
through winter flooding. Also during periods of drought, marsh vegetation could become 
over tressed by saltwater inundation, decreasing amounts of marsh grass and further 
negatively impact vertical accretion (Cahoon et al., 1999). 
Flooding from storms not only introduces sediment in the estuarine marsh 
environment, but can also force shallow subsidence through compression of substrate due 
to the over bearing weight of the flood water. In areas with weak soils, this is especially 
true. Furthermore, storm activity can produce net negative marsh surface elevation 
change can follow storm activity if local deep subsidence and shallow compression are 
extreme enough to discount the amount of sediment introduced through overwash 
(Cahoon et al., 1995). 
The amount of sediment accretion during storms can also depend on vegetation 
stem density-thicker vegetation can trap more sediment. The resultant increase in 
elevation can lead to shorter hydroperiods, change in vegetation, and/or saltwater 
intrusion stress relief. In areas with minimal subsidence, storm introduced sediment may 
provide enough vertical accretion to keep up with rising sea-level (Nyman et al. , 1995a). 
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Dominant storm influences on the Big Branch Marsh study area occur in the form 
of tropical storm or hurricane events. These events introduce sheets of sediment into the 
estuarine marsh setting from Lake Pontchartrain. Additionally, overwash events are very 
energetic and can reshape the landscape, removing marsh vegetation, scouring out 
channels, and creating ponds. Marsh accretion in the area is at least partially reliant on 
these overwash events to remain sustainable in the face of subsidence and sea-level rise. 
However, these events are not necessarily yearly and not seasonally dependable episodes. 
Also, due to the relatively small terrestrial drainage area of Bayou Lacombe, it is highly 
unlikely that flooding episodes are a major factor in marsh sustainability. 
Anthropogenic Influences 
Human influences can range from direct impact such as infilling and marshland 
destruction to indirect impacts such as causeways that inadvertently limit sediment inputs 
(Ward et al., 1998). As mentioned previously, estuarine marshes are a result of a delicate 
balance of many dynamic processes and the resultant features. Freshwater input from 
rivers is one of the most influential variables in the equation, but it is also one of the 
variables that can be most impacted by human actions. Construction of reservoirs and 
water-diversion projects can have a significant impact on the volume and timing of 
freshwater and sediment input into the estuarine marsh system (Ward et al., 1998; Byrne 
et al., 2001; DeLaune et al., 2003; Forbes and Dunton, 2006). One study hypothesizes 
that reductions in sediment inputs from southeastern United States river systems could be 
re ponsible for net export of sediment in coastal marshes in the region and consequent 
lo es of marshes to eustatic sea level rise (Stevenson et al., 1988). 
The dynamics of tidal flow into the estuarine marsh can be just as delicate-
aJtwater input can be limited if tidal flow is not allowed to flow naturally into the 
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ystem. The volume of tidal flow can also be hindered as a result of sediment accretion 
from hydraulic mining (dredging) and the resultant tidal marsh reclamation (Byrne et al., 
2001). For estuarine marshes with limited riverine sediment input, structures along shore 
uch as sills or jetties can inhibit the long shore transport of sediment, decreasing the 
amount of sediment available for deposition and causing marsh retreat (Mattheus et al., 
2010). 
Anthropogenic activity can also positively influence estuarine marsh development 
through increased soil erosion upstream due to land clearance for urbanization or 
agriculture, thus increasing the sediment supply to channels and ultimately the entire 
estuarine marsh system (Ward et al., 1998; Mattheus et al., 2010). Additionally, an 
increased input of fine-grained sediment can promote growth of marsh grasses due to the 
nutrient-rich nature of clays and silts, further increasing the sustainability of a marsh with 
respect to sea-level rise (Mattheus et al, 20 10). Through periods of increased erosion 
followed by periods of reservoir construction, much of the estuarine marsh systems along 
the eastern coast of the United States have experienced both positive and negative 
tmpacts on development (Ward et al., 1998). 
Restoration 
Future estimates of eustatic sea-level change for the next hundred years range 
from a conservative 20 em to a more aggressive 115 em. This transgression could 
potentially convert estuarine marshes to intertidal mudflats if the saltwater and inundation 
tolerance of vegetation is exceeded. Also, high marsh could be converted to low marsh 
(Callaway et al., 1997). 
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Accurate estimates of marsh subsidence are crucial in the development of marsh 
restoration and other coastal management strategies (Cahoon et al., 1995). Many 
restoration efforts involve importing large amounts of sediment, which can become very 
expensive (Culberson et al., 2004). Therefore, alternate restoration methods are needed 
to make marsh restoration viable. 
In South Louisiana, wetland loss has been an issue that has been examined 
through many creative approaches. In one study, freshwater diversion from the 
Mississippi River to coastal marshes was employed with the goal to counteract local 
ubsidence. In the Breton Sound estuary, subsidence and saltwater intrusion is causing 
marsh deterioration. With the introduction of freshwater and sediment from the 
Mississippi River, rates of vertical accretion increased by introducing more inorganic 
material and nutrients, increasing marsh productivity. Also, the introduction of 
freshwater reduced the stress put on the marsh vegetation by lowering salinity. This 
allowed the marsh vegetation to become more productive, creating more organic matter 
available, and trapping more inorganic sediments for marsh soil accretion. The shift of 
vegetation to freshwater species reduced the amount of mineral sediment required for 
thriving vegetation. By increasing vertical accretion rates and accumulation of mineral 
sediment organic matter and nutrients through freshwater introduction, local rates of 
wetland loss were either slowed or reversed (DeLaune et al., 2003). 
These freshwater diversion projects are likely successful because they mimic the 
freshwater input that was formerly natural to the area. Due to flood control structures and 
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levees emplaced along the Mississippi River, seasonal flooding and suspended sediment 
load has not been available to much of the marsh areas in South Louisiana, resulting in 
marsh deterioration (DeLaune et al., 2003). Freshwater diversion seems to be an efficient 
trategy in marsh rehabilitation when sediment transport is not a viable option. 
Study Area 
Geologic History and Characteristics 
Fluvial deposition during the Sangamonian highstand constructed the area now 
known as Big Branch Marsh. While adjacent areas have been eroded, this area protrudes 
into Lake Pontchartrain as a result of the temporary abandonment of the fluvial system 
prior to glaciation in the Wisconsinan, preventing the area from undergoing significant 
incision and erosion (as seen in adjacent areas) as sea level dropped (Henton, 2009). The 
mouth of Bayou Lacombe flows into Lake Pontchartrain and reaches near the former 
northern boundary of the St. Bernard Delta Lobe ( 4,000 to 2,000 years before present) 
(Coleman et al., 1998). The St. Bernard delta complex is responsible for cutting off the 
Pontchartrain basin-the last stage of the complex (Bayou Sauvage) formed the southern 
horeline of Lake Pontchartrain (Flocks et al., 2009). Deglaciation and sea-level rise 
about 18,000 to 4,000 years ago inundated the low relief South Louisiana-subsidence 
outh of the Baton Rouge fault system (due to sediment loading) led to the formation of 
the incipient Lake Pontchartrain. Early Holocene sea-level rise (4 .2 mm/yr) is largely 
responsible for the estuarine system development along the northern Gulf Coast and 
tudy area (Milliken, 2008). 
The area of the Bayou Lacombe watershed was found to be approximately 224 
quare kilometers through watershed delineation in ArcGIS (Figure 4). Bayou Lacombe 
drains the late Pleistocene Prairie Complex as described in Saucier and Snead ( 1989). 
The Prairie Complex is the result of diverse depositional sequences of the Mississippi 
Ri ver, its tributaries, and other coastal plain streams. Geomorphic features range from 
fluvial terraces to marine units, including meandering and braided fluvial, colluvial, 
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e tuarine, and deltaic units (Saucier and Snead, 1989). The Prairie Complex consists of 
three levels: two along alluvial valleys and a third found lower, intermittently towards the 
coast. The lower of the two alluvial valley levels coalesces with a broad expression 
toward the coast (Louisiana Geological Survey, 1984). Forests of longleaf, loblolly, and 
lash pines and forests of mixed pines and hardwoods are found on the consolidated 
ediments of the Prairie Complex. The adjacent Pontchartrain Basin consists of 
landforms made up of sediment ranging from fine sands to silty clays and marine 
environments made up largely of sands. Throughout the basin, organic matter is a 
component of the sediment (U. S. Fish and Wildlife Service, 2007). 
The study area occurs adjacent to the Baton Rouge fault zone, an extensively 
investigated geologic area for its role in petroleum production, groundwater occurrence 
and engineering geology. The fault zone trends east-west from southern Baton Rouge to 
near Slidell, Louisiana. Movement is classified as progressive, non-seismic creep and is 
and has been active since before the Pleistocene. Faults in this system can reach 
ubsurface depths over 6,000 meters, offsetting buried Pleistocene sediment by as much 
as about 30 meters and surface features by as much as about 10 meters. Geomorphic 
features resulting from movement along the fault zone include scarps, offset drainage 
lines, oriented drainage, changes in soil, and swamp depressions (Saucier, 1994). 
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BAYOU LACOMBE WATERSHED 
Figure 4. Bayou Lacombe Watershed. The above image shows the watershed of Bayou 
Lacombe. The outlined area represents the boundary of the watershed (drainage divide). 
Contemporary Dynamics and Characteristics 
Big Branch Marsh National Wildlife Refuge and the associated Bayou Lacombe 
fluvial system are located on the north shore of Lake Pontchartrain in St. Tammany 
Parish, Louisiana. The study area occurs in a humid and subtropical climate- the Gulf of 
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Mexico and Lake Pontchartrain influence general and daily weather patterns, including 
convective thunderstorms during the summer, which contribute to approximately 63 
inches of average annual rainfall. The 7,500 ha wildlife refuge, established in 1994, 
occurs at the southeastern boundary of the Lower Mississippi River Valley Ecosystem, 
providing important habitat for migratory birds and nursery for several commercially or 
recreationally important species of marine life. The refuge contains 2,800 ha of tidally-
influenced brackish and fresh coastal marshes but also includes several different sub-
environments: Lake Pontchartrain open water, ponds, sub-aquatic vegetation beds, 
forested wetlands, and pine ridges. Spartina patens, Spartina altemiflora, and species of 
the Juncaceae family dominate the coastal marsh vegetation (U.S. Fish and Wildlife 
Service, 2007). 
Bayou Lacombe flows into Lake Pontchartrain and drains an area that has 
recently undergone suburban development, creating more areas of impervious surfaces. 
This decreases infiltration and increases runoff, causing increased rates of erosion and 
reduction in water quality in the terrestrial watershed and associated channels (U.S. Fish 
and Wildlife Service, 2007). Increased erosion could deliver more sediment to the 
estuarine marsh during times of moderate flooding, thus increasing vertical accretion 
rates. 
The study area has also been subject to anthropogenic influences. In the 1940's, 
two canals extending from Lake Pontchartrain inland beyond the coastal marsh were 
constructed for pipelines. These canals subjected the distal marsh to more direct tidal 
influences, increased salinity, shifted dominant vegetation from Cladium jamaicense and 
Scirpus americanus to Spartina patens, and increased pond formation (Henton, 2009). 
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Upstream of the study area, portions of Bayou Lacombe were dredged during the 1950's 
to facilitate drainage (Geagan, 1963). 
At the mouth of Bayou Lacombe, an estuarine marsh dominates the landscape in 
the study area. The estuarine marsh is broken down into two units: fresh marsh and 
saline marsh (Louisiana Geological Survey, 1984). Both areas consist of gray to black 
clay of very high organic content and some peat. Soil in the study area is classified as the 
Clovelly Muck, part of the Clovelly series found in the marsh and swamp physiographic 
areas of St. Tammany Parish, Louisiana. The parent material for the soil are thick 
accumulations of decomposed plant material overlying clayey alluvium, producing a soil 
that can be described as mucky, organic clay (USDA, 1990). The Clovelly Muck is a very 
poorly drained, slightly saline, organic soil that is found in brackish coastal marshes. The 
marsh vegetation is frequently flooded and consists of thick Spartina patens, Spartina 
Altemiflora, and some species of Juncaceae (Henton, 2009). 
Recently, Hurricane Katrina flooded the marsh with large amounts saltwater, 
reworked sediment and vegetation, and resulted in an increase in shallow pond formation 
(U.S. Fish and Wildlife Service, 2007). Since then, several hurricanes and tropical 
torms have yielded both temporary high and low water levels in Big Branch Marsh, but 
none have had the long-lasting changes to the system (Henton, 2009). 
In 2008, as part of a Coastal Wetlands Planning, Programming and Restoration 
Act (CWPPRA) project, dredge material from the bottom of Lake Pontchartrain was 
spread out over 550 acres and planted with marsh grass in an effort to restore a marsh 
platform in the Point Platte and Goose Point areas within the Big Branch Marsh National 
Wildlife Refuge (Louisiana Coastal Wetlands Conservation and Restoration Task Force, 
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2009). This project area is located to the southeast of the study area, across the pipeline 
canal. Elevated ground on either side of the canal and christmas tree sediment traps, 
have helped isolate the study area from the impact of this dredge material. Henton et al. 
(2013) found that coarse-grained inorganics had not been transported from the CWPPRA 
project site to the study area during the period between the project's inception and sample 
collection for this study. 
In an effort to provide habitat for endangered species and deter uncontrollable 
wildfires, prescribed burns on marsh vegetation have been used to slow marsh vegetation 
uccession in the Big Branch Marsh National Wildlife Refuge (U.S. Fish and Wildlife 
Service, 2007). In a study of vertical accretion of the past two years, it has been shown 
on both burned and unburned study marshes that there has been an overall positive 
growth in marsh surface elevation (Henton et al., 20 13). 
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CHAPTER ill 
METHODOLOGY 
Site Selection and Access 
The study area was selected because it is exemplary of an estuarine marsh along 
the northern Gulf Coast; its location within Big Branch Marsh National Wildlife Refuge 
ensures a commitment to maintain naturally-occurring processes and there is pre-existing 
knowledge of the area from previous USM research (Henton, 2009). Access to the study 
area was granted through a special-use permit for research activities issued by the U.S. 
Fish and Wildlife Service (Appendix A). A USM-owned Go-Devil boat (Figure 5) was 
used to access the study area and carry necessary equipment for field measurements and 
collection of samples. The boat was launched at either Sapsucker Road or at Bayou 
Lacombe on Lake Road. 
Figure 5. USM-owned Go-Devil Boat. Pictured above is Andrew Fleming navigating 
one of the open pond areas of the study area in the USM-owned Go-Devil boat used to 
access the study area. 
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Sample collection sites were selected in several different sub-environments of the 
tudy area. Bayou Lacombe sample sites were located along three cross-sections: the 
first at 345 m, the second at 2,467 m, and the third at 4,795 m upstream from Lake 
Pontchartrain. Tidal Channel 1 sample sites were located along the tidal channel nearest 
the lake, flowing into Bayou Lacombe near the first cross-section site. Tidal Channel 2 
samples sites were located along the tidal channel further inland, flowing into Bayou 
Lacombe near the second cross-section site. Samples were also collected from marsh 
surfaces adjacent to these channels. Marsh samples were also collected from the Control 
Marsh Island located at the interior reaches of Tidal Channel 1 and the Burn Marsh Island 
located adjacent to the interior ponds and canal. 
Field Sampling 
Sediment samples were taken from Bayou Lacombe, tidal channels, ponds, and 
marsh samples for analysis. The study area spanned from Bayou Lacombe southeastward 
to a pipeline canal along two tidal-channel routes that connect Bayou Lacombe to marsh 
tudy islands just northwest of the canal. Marsh study islands were chosen based on a 
previous marsh-accretion study in Big Branch Marsh (Henton, 2009). These islands (one 
previously undergoing control burns (Bum Marsh) and the other an unburned control 
(Control Marsh) are located just west of the canal. Samples were also retrieved from east 
of the canal to ensure isolation of study area sediments from the CWPPRA Point Platte 
Marsh Creation project area. 
Water depth and channel width measurements were made at sites selected for 
changes in channel size, environmental conditions (e.g., bank vegetation and height), or 
every few hundred meters if no change was observed (Figures 6 and 7). Channel and 
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pond water depths were measured using a handheld, sonar depth finder or with a meter 
stick when depths were shallow (less than 1 m). For narrow channels (less than 10 m in 
width), only one depth measurement was made. For wider channels, multiple depth 
measurements were made. Channel width was obtained using a measuring tape for small 
channel widths (less than 50 m) and by distance measurements from GIS orthoimages for 
channel widths greater than 50 m. Tape and image measurements were compared to 
confirm accuracy of scaled images. Water depth and channel width measurements were 
analyzed to find channel cross-section areas. 
Figure 6. Tidal Channel Cross-section and Collection of Marsh Surface Samples. 
Andrew Fleming and Kevin Davis collect a surface soil sample at marsh edge in the 
location of a channel cross section. 
Forty channel and pond bed material samples were retrieved using a Ponar-type 
dredge at sample sites along Bayou Lacombe, selected tidal channels, and study area 
ponds with the objective of collecting samples along two tidal routes from Bayou 
Lacombe to the Control and Burn study islands. Thirty-seven marsh soil surface 
samples from the (i) Burn Marsh island, (ii) Control Marsh islands, (iii) selected sites 
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along Bayou Lacombe, and (iv) selected marsh sites along study tidal routes were 
retrieved by hand using a 2-in diameter bucket auger and/or hand trowel and bagged. A 
Trimble ProXH GPS with a Zephyr antenna or a Garmin handheld GPS was used to 
record the latitude and longitude of sample locations (Figure 8). 
Lab Techniques 
Organic matter percentages of bed-material and marsh surface samples were 
determined by removing organics through a two-step approach: (i) hydrogen peroxide 
(H20 2) treatment (Carter, 1993) and (ii) loss on ignition. Samples were initially dried in 
1000 mL beakers at 105°C in an oven then disaggregated using a mortar and pestle 
(Figures 9A & B). After further drying overnight at 105°C to ensure all moisture had 
been removed, 60 to 100 grams of the sample (depending on apparent organic content) 
was weighed and placed in a 1000 mL beaker for hydrogen peroxide treatment. Methods 
for hydrogen peroxide treatment were adapted from techniques outlined in Carter (1993). 
Ten mL of 30% H20 2 were added using a pipette at intervals to the samples to control the 
reaction. Cold water was added if the reaction needed to be slowed (to prevent overflow 
and sample loss), and the sample was stirred using a spatula to distribute peroxide. Doses 
were repeatedly applied to the sample until no further reaction or frothing occurred. 
Samples were then heated on a hot plate to 90°C, and additional doses of 2.5 mL 30% 
H 20 2 were added using a pipette to remove further organic matter. This step was 
repeated at 90°C until no further reaction occurred or the color of the sample indicated 
most organic matter had been oxidized. Samples were then dried in an oven at 105°C 
until all moisture had been removed. When dried, samples were removed from the 
beakers and disaggregated again using a mortar and pestle (carefully not to lose any 
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Figure 7. Study Area Channel Cross-section and Pond Depth Measurement Sites. Image shows channel cross-section sites and pond 
depth measurement sites in Big Branch Marsh National Wildlife Refuge. w 
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sample), placed in pre-weighed 150 mL crucibles, and heated to 550°C for 4 hours in a 
muffle furnace to remove remaining organics (Figure 9C). This final organic matter 
removal step was repeated until remaining organic matter was removed. Remaining 
sample was then re-weighed and difference found, expressed as percent organic carbon. 
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Once the organics had been removed from the samples, the remaining inorganics 
were analyzed for particle size using a combination of 152-H hydrometer and wet-sieve 
techniques outlined in Gee and Bauder (1986); the accuracy of these techniques has been 
recently confirmed by Cheetham et al. (2008). The hydrometer analysis was used to 
determine the distribution of the fine-grained fraction (grain diameter< 0.063 mrn) , and 
wet-sieving was performed to determine the distribution of the sand-sized fraction (grain 
diameter > 0.063 mrn). 
Clay deflocculation was achieved by adding 200 mL of distilled water and 100 
mL of 5% sodium hexametaphosphate ((NaP03)6) to 50 grams of sample in a 1000 mL 
beaker. If 50 grams of sample were not available, a smaller amount was used for analysis 
and formulae were adjusted accordingly. The mixture was stirred with a spatula and 
allowed to sit overnight. The mixture was then poured into a milk-shake container and 
mixed on the low setting of a milk-shake mixer for 5 minutes to further physically 
disaggregate. 
Sample mixtures were then transferred into 1000 mL Bouyoucos tubes and 
distilled water was added until the solution reached 1000 mL (Figure 9D). The control 
tube consisted of 100 mL 5% sodium hexametaphosphate ((NaP03)6) and 900 mL of 
distilled water. Tubes were then stoppered and turned end over end for 1 minute to 
ensure complete mixing and suspension of the mixture. The Bouyoucos tube was then 
BIG BRANCH MARSH: SAMPLE SITES 
Figure 8. Study Area Sediment Sample Sites. Image shows sediment sample site locations of study area in Big Branch Marsh 
National Wildlife Refuge. w 
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Figure 9. Lab Techniques for Sample Analysis. Pictures above show instruments and techniques used in sample analysis in the USM 
Sedimentology Lab. A: Marsh soil samples dry before being disaggregated. B: Mortar and pestle were used to disaggregate sediment, 
and 150 mL crucibles were used to hold samples for heating to 550°C in the muffle furnace. Figure 8C: Muffle furnace was used to 
heat samples to 550°C in order to remove remaining organic matter. D and E: Bouyoucus tubes were used for hydrometer analysis. 
w 
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placed down on the table and the starting time was recorded. Mixture density and 
control density were recorded at specified times utilizing the same hydrometer (Figure 
9E). Temperature of the control tube was also recorded at each measurement time. 
39 
After completion of hydrometer analysis for fine-grained distribution, the sample 
was wet-sieved to determine the coarse-grained distribution. The sample was poured and 
rinsed out of the Bouyoucos tube into a stack of six sieves (opening size decreasing from 
top to bottom): U.S.A Standard #10 (2.0 mm), #18 (1.0 mm), #35 (0.50 mm), #60 (0.25 
mm), #120 (0.125 mm), and #230 (0.063 mm). The sieves were place in a well-drained 
sink with access to a hose and sprayer to ensure accurate and efficient sieving. Sieves 
were washed and rinsed thoroughly until only sand grains of the corresponding size 
remained on the sieve. The sand grains remaining on the sieve were transferred to pre-
weighed 150 mL beakers using a squeeze bottle and dried in an oven overnight at 105°C. 
The beakers containing the sand fractions were then weighed and the beaker weight was 
subtracted to find weight of each sand fraction. Cumulative curves were developed to 
determine the sizes at which 84% (d84), 50% (d50), and 16% (d16) of the particles are finer 
than. 
Data Analysis 
Differences in particle size and organic content statistics among the marsh sub-
environments were compared and analyzed in Microsoft Excel. A two-tailed t-test was 
performed in Microsoft Excel on each statistic of sub-environment datasets to determine 
ignificance of differences. The difference in number of samples between datasets was 
con idered to further evaluate significance of difference between datasets. 
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Dependent variables of particle-size statistics and organic content were correlated 
with independent variables of GIS-determined distance from Lake Pontchartrain, Bayou 
Lacombe, and edge of marsh to evaluate trends of sediment distribution and organic 
content. Linear regression was used to find trends in sediment distribution that were 
evaluated based on R2 values and determined to be either a clear increase or decrease 
wilh distance, a slightly positive or negative trend, or no correlation between variables. 
Locally Weighted Scatterplot Smoothing (LOWESS) trend lines were rendered in R 
Version 2.6.2 to achieve further resolution of trends in sediment distribution and organic 
content. 
Possible Sources for Error 
Despite the best possible efforts to collect data representative of the entire marsh 
system, errors in some parts of the process were inherent and unavoidable. In the field, 
collection of sub-aerial samples was carried out with the goal of only retrieving soil 
surface (uppermost 5-10 centimeters). However, the inclusion of varied amounts of 
undecomposed organic matter was sometimes unavoidable. Accuracy of sample location 
was dependent on the GPS unit used to retrieve the latitude and longitude. Accuracy was 
wi£hin 1 m for the Trimble GPS unit and 5 m for the Garmin handheld GPS, dependent 
on the number of satellites available when location was recorded. The inherent error in 
lhe GPS reading translate to possible error in channel width measurements and measured 
distances used in correlations to determine particle-size patterns. 
In the lab, the scale used to weigh samples had an accuracy of two-decimal 
places, limiting the accuracy of calculations to one hundredth of a gram. In removal of 
organic matter, sample loss in transition from 1000 mL beaker to mortar and pestle was 
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sometimes unavoidable due to the difficulty of removing all crust in each beaker. 
However, average loss in this step is estimated to be less than 0.5 grams. In particle size 
analysis, great care was taken to maintain a steady environment for hydrometer analysis 
and to make consistent and accurate readings. Also, considerable attention and effort was 
put into the complete disaggregation of samples. Also, accuracy of the hydrometer itself 
and equipment used to measure volumes of solutions used in hydrometer analysis must 
be observed. Beakers and Bouyoucus tubes used in this study had an accuracy of ±5 mL. 
Human error was also possible in wet sieve techniques, but considerable care was taken 
when sieving and transferring sediment to beakers to minimize sample loss. 
Accuracy of distances measured in ArcGIS was dependent on not only GPS 
accuracy but also the accuracy of the orthoimagery. The raster dataset had a resolution of 
one arc-second and was taken in 2008. However, when evaluating the orthoimagery, it 
was determined that it reflected the current ground condition of the study area. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Channel/Pond Depths and Channel Geometry 
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Bayou Lacombe reached maximum depths of just over 3 m in cross-sections 1 
and 2 (345 and 2500 m upstream from Lake Pontchartrain, respectively) (Figure 10-20). 
The widths at cross-sections 1 and 2 were 89 and 108 meters, respectively. Furthermore, 
the shape of the channel at cross-section sites 1 and 2 was slightly asymmetrical. The 
first cross-sectional site is deeper on the left side where Tidal Channel 1 joins Bayou 
Lacombe. In contrast, Bayou Lacombe is shallower on the left side where tidal channel 2 
joins Bayou Lacombe near cross-section 2. This shallower depth near the mouth of Tidal 
Channel 2 could promote the exchange of bottom-sediment between Bayou Lacombe and 
Tidal Channel 2. Further upstream at cross section 3 (4,795 m upstream), the thalweg 
reached a depth of 4.66 m and had a channel width of 82 m (Figure 12). The shape of the 
channel at this cross-section site was symmetrical. 
Maximum depths of Tidal Channel 1 were 1.4 meters at 20.3 m from Bayou 
Lacombe, 0.9 mat 166m from Bayou Lacombe, 0.7 mat 532 m from Bayou Lacombe, 
0.6 mat 1,118 m from Bayou Lacombe, and 0.75 mat 1,875 m from Bayou Lacombe 
(Figures 13-17). Corresponding widths at Tidal Channel 1 depth measurements were 
19.5, 21.5, 16.1, 26.7, and 9.8 m. Channel shapes at Tidal Channel 1 sites were 
asymmetrical. Depths of Tidal Channel 2 were 1.5 m at 61 m from Bayou Lacombe, 1.2 
mat 221 m from Bayou Lacombe, and 1.2 mat 2016 m from Bayou Lacombe (Figures 
18-20). Tidal Channel 2 depth measurement sites had corresponding channel widths of 
15.6, 16.6, and 13.1 m. Channel shapes at Tidal Channel 2 sites were symmetrical. 
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Figure 10. Channel Cross Section. illustration above shows channel geometry of Bayou 
Lacombe at the cross-section site closest to Lake Pontchartrain. Thalweg depth is 
approximately 3 meters. 
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BAYOU LACOMBE CHANNEL CROSS SECTION 2: 2467 METERS 
UPSTREAM FROM LAKE (NEAR TIDAL CHANNEL2) 
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Figure 11. Channel Cross Section. illustration above shows channel geometry of Bayou 
Lacombe at the cross-section site near the mouth of Tidal Channel 2. Thalweg depth is 
approximately 3 meters. 
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BAYOU LACOMBE CHANNEL CROSS SECTION 3:4795 METERS 
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Figure 12. Channel Cross Section. lllustration above shows channel geometry of Bayou 
Lacombe at the cross-section site furthest from Lake Pontchartrain. Thalweg depth is 
approximately 4.5 meters. 
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Figure 13. Channel Cross Section. lllustration above shows channel geometry of Tidal 
Channel 1 at the cross-section site nearest Bayou Lacombe. Thalweg depth is 
approximately 1.4 meters. 
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TIDAL CHANNEL 1 CROSS SECTION: 166 METERS UPSTREAM FROM 
BAYOU LACOMBE 
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Figure 14. Channel Cross Section. lllustration shows channel geometry of Tidal 
Channel 1 at the cross-section site 166 meters upstream from Bayou Lacombe. Thalweg 
depth is approximately 0.9 meters. 
·-
TIDAL CHANNEL 1 CROSS SECTION: 532 METERS UPSTREAM FROM 
BAYOU LACOMBE 
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Figure 15. Channel Cross Section. lllustration shows channel geometry of Tidal 
Channel 1 at the cross-section site 532 meters upstream from Bayou Lacombe. Thalweg 
depth is approximately 0.7 meters. 
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TIDAL CHANNEL 1 CROSS SECTION: 2615 METERS UPSTREAM FROM 
BAYOU LACOMBE 
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Figure 16. Channel Cross Section. lllustration shows channel geometry of Tidal 
Channel 1 at the cross-section site 2615 meters upstream from Bayou Lacombe. Thalweg 
depth is approximately 0.5 meters. 
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TIDAL CHANNEL 1 CROSS SECTION: 2370 METERS UPSTREAM FROM 
BAYOU LACOMBE 
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Figure 17. Channel Cross Section. lllustration shows channel geometry of Tidal 
Channel 1 at the cross-section site 2370 meters upstream from Bayou Lacombe. Thalweg 
depth is approximately 0.5 meters. 
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TIDAL CHANNEL2 CROSS SECTION: 61.1 METERS UPTREAM OF 
BAYOU LACOMBE 
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Figure 18. Channel Cross Section. lllustration shows channel geometry of Tidal 
Channel 2 at the cross-section site 61 meters upstream from Bayou Lacombe. Thalweg 
depth is approximately 1.5 meters . 
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TIDAL CHANNEL2 CROSS SECTION: 221 METERS UPSTREAM FROM 
BAYOU LACOMBE 
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Figure 19. Channel Cross Section. lllustration shows channel geometry of Tidal 
Channel2 at the cross-section site 221 meters upstream from Bayou Lacombe. Thalweg 
depth is approximately 1.2 meters. 
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TIDAL CHANNEL 2 CROSS SECTION: 2016 METERS UPSTREAM FROM 
BAYOU LACOMBE 
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Figure 20. Channel Cross Section. lllustration shows channel geometry of Tidal 
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Channel 2 at the cross-section site 2016 meters upstream from Bayou Lacombe. Thalweg 
depth is approximately 1.2 meters. 
Shallow depths in tidal channels could faci litate transfer of bottom sediments into the 
marsh during periods of flooding. 
Average pond depth was 0.6 m along tidal channel 2 and 0.3 m in the pond near 
the Burn Marsh Island. Overall average pond depth for the study area was 0.5 m. The 
shallow depths of the tidal channels and ponds are conducive for sediment exchange with 
the marsh during storm flooding events. Also, the shallow depths should allow for wave 
action to rework bottom-sediment. 
Organic Matter and Particle Size Data Analysis 
Study Area 
Particle size and organic content data can be found for study area samples in 
Table 1. All marsh surface, channel bed, and pond bottom sediments in the study area 
Table 1 
Particle Size Statistics of Study Area Samples 
Sample SUB-ENVIRONMENT dl6 dso ds4 Sorting % % % % (mm) (mm) (mm) Coefficient LOI SAND SIT..,T CLAY 
21 CHANNEL: BAYOU 0.040 0.066 0.120 1.74 3.5 51.7 46.3 2.0 LACOMBE 
22 MARSH: BAYOU 0.026 0.043 0.060 1.53 8.0 5.6 88.7 5.8 LACOMBE 
26 CHANNEL: BAYOU 0.023 0.062 0.196 2.94 5.2 38.9 57.8 3.3 LACOMBE 
27 CHANNEL: BAYOU 0.042 0.063 0.123 1.71 3.1 47.5 50.5 2.0 LACOMBE 
28 MARSH: BAYOU 0.004 0.019 0.051 3.79 19.3 0.6 81.3 18.0 LACOMBE 
29 MARSH/POND BANK 0.002 0.022 0.055 5.04 24.6 0.3 81.0 18.7 
30 MARSH: BAYOU 0.012 0.046 0.062 2.29 28.5 6.8 87.1 6.1 LACOMBE 
32 CHANNEL: BAYOU 0.006 0.025 0.060 3.20 15.5 1.1 89.3 9.5 LACOMBE 
33 CHANNEL: BAYOU 0.012 0.045 0.062 2.27 37.6 11.5 81.3 7.3 LACOMBE 
34 MARSH: BAYOU 0.014 0.039 0.060 2.11 19.8 2.6 92.3 5.2 LACOMBE 
35 MARSH: BAYOU 0.008 0.040 0.063 2.82 30.6 1.2 90.5 8.3 LACOMBE 
36 CONTROL 2 MARSH 0.010 0.057 0.141 3.72 20.0 34.7 56.9 8.4 
37 CONTROL 2 MARSH 0.011 0.063 0.150 3.63 16.1 39.6 53.0 7.3 
+:>. 
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Table 1 (continued) . 
38 CONTROL 2 MARSH 0.021 0.063 0.168 2.81 5.3 49.5 47.3 3.2 
39 CONTROL 2 MARSH 0.003 0.020 0.060 4.39 26.1 2.8 78.4 18.8 
40 CONTROL 2 MARSH 0.007 0.035 0.062 3.04 35.0 1.5 87.2 11.3 
41 CONTROL 2 MARSH 0.004 0.027 0.058 3.74 30.4 1.5 83.2 15.3 
42 CONTROL 2 MARSH 0.004 0.028 0.058 3.83 29.1 2.8 81.4 15.8 
43 CONTROL 2 MARSH 0.004 0.029 0.060 4.06 33.5 1.4 81.8 16.8 
44 CONTROL 2 MARSH 0.005 0.029 0.067 3.63 22.2 16.6 69.9 13.6 
45 CHANNEL: TIDAL 0 .017 0.067 0.197 3.36 2.8 51.8 46.2 2.0 
46 CHANNEL: TIDAL 0.005 0.030 0.061 3.67 34.7 12.9 73.0 14.1 
47 CHANNEL: TIDAL 0.003 0.025 0.062 4.95 44.5 1.5 79.6 19.0 
48 CHANNEL BANK: 0.004 0.031 0.059 3.89 44.9 0.8 83.1 16.1 TIDAL 
49 CHANNEL BANK: 0.006 0.033 0.061 3.26 35.5 1.9 86.9 11.2 TIDAL 
50 CHANNEL: TIDAL 0.007 0.040 0.063 3.00 42.7 4.6 85.8 9.6 
51 CHANNEL: TIDAL 0.008 0.061 0.136 4.23 16.7 34.2 55.5 10.3 
52 CHANNEL/POND-2 0.007 0.055 0.167 5.05 28.5 32.0 56.5 11.4 
53 POND-2 0.004 0.057 0.164 6.04 37.6 31.9 52.9 15.2 
54 CHANNEL 0.013 0.089 0.218 4.11 4.3 57.1 35.8 7.1 MOUTH/POND-2 
55 POND-2 0.001 0.018 0 .059 6.45 61.1 0.6 76.8 22.5 
56 POND-2 0.004 0.035 0.064 3.93 58.8 2.5 81.8 15.7 
57 CHANNEL: TIDAL-2 0.008 0.041 0.063 2.74 31.2 13.3 76.4 10.3 
58 CHANNEL: TIDAL-2 0.006 0.045 0.061 3.10 29.8 4.0 84.4 11.6 
59 CHANNEL: TIDAL-2 0.012 0.047 0.062 2.29 23.7 10.0 83.8 6.2 
60 POND 0.014 0.061 0.062 2.09 30.9 6.1 87.6 6.2 
Vl 
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Table 1 (continued). 
61 BURN 1 MARSH 0.025 0.046 0.262 3.21 27.0 34.4 59.7 5.9 
62 BURN I MARSH 0.006 0.028 0.081 3.81 28.9 19.7 67.9 12.4 
63 POND 0.017 0.058 0.116 2.63 21.9 31.9 65.0 3.1 
64 BURN I MARSH 0.009 0.032 0.079 2.98 36.2 19.1 69.5 11.4 
65 BURN 1 MARSH 0.020 0.052 0.164 2.89 23.3 41.1 55.7 3.2 
66 BURN 1 MARSH 0.010 0.051 0.111 3.31 20.6 33.1 56.9 10.0 
67 BURN 1 MARSH 0.006 0.032 0.071 3.36 25.4 17.8 71.7 10.5 
68 POND 0.013 0.038 0.117 3.02 21.9 35.9 56.5 7.6 
69 POND 0.016 0.052 0.103 2.52 18.7 29.5 64.4 6.1 
70 POND 0.018 0.051 0.111 2.51 12.7 28.4 65.7 5.9 
71 CHANNEL: TIDAL- I 0.028 0.063 0.110 1.98 6.4 42.8 54.2 3.0 
72 MARSH: TIDAL-I 0.017 0.053 0.076 2.14 12.5 20.3 73.5 6.2 
73 MARSH: TIDAL-I- 0.007 0.036 0.061 3.04 38.1 5.2 83.5 11.3 BURNED 
74 CHANNEL: TIDAL- I- 0.011 0.040 0.061 2.32 10.0 7.1 85.6 7.3 BANK 
75 CHANNEL: TIDAL-I 0.0 19 0.061 0.090 2.18 8.1 26.0 69.6 4.3 
76 SAND BAR: BAYOU 0.268 0.370 0.473 1.33 <1 % 97.3 2.6 0.1 LACOMBE 
77 MARSH BURNED: 0.006 0.034 0.060 3.04 25.7 6.5 81.1 12.4 BAYOU LACOMBE 
78 MARSH BURNED: 0.010 0.035 0.060 2.42 27.7 1.5 90.3 8.3 TIDAL- I 
79 CHANNEL: TIDAL- I 0.008 0.049 0.060 2.67 16.4 5.0 87.2 7.8 
80 MARSH (THICK): 0.005 0.036 0.061 3.63 30.9 1.4 84.0 14.5 TIDAL-I 
Ul 
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Table 1 (continued). 
81 MARSH INTERIOR 0.005 0.032 0.062 3.69 40.0 1.3 83.9 14.9 (THICKER): TIDAL-I 
82 MARSH BURNED 0.005 0.034 0 .062 3.69 33.1 0 .8 84.6 14.6 (LOW): TIDAL-I 
83 CHANNEL: TIDAL-I 0 .008 0.046 0.062 2.74 17.4 2.4 89.0 8.6 
84 MARSH (THICK) 0 .005 0.035 0.061 3.69 41.5 0.8 85.4 13.8 (SPARTINA): TIDAL-I 
85 MARSH:TIDAL-1 0.008 0.046 0.060 2.71 51.0 1.1 88.4 10.5 
86 CHANNEL: TIDAL- I 0.010 0.063 0.099 3.12 17.2 25.3 66.4 8.3 
87 CHANNEL BANK: 0.010 0.052 0.080 2.79 17.4 20.6 70.2 9.1 BAYOU LACOMBE 
88 CHANNEL: BAYOU 0.005 0.037 0.061 3.59 17.8 2.5 82.7 14.9 LACOMBE 
89 CHANNEL: BAYOU 0.006 0.038 0.063 3.26 16.9 1.9 86.5 11.6 LACOMBE 
91 CHANNEL BANK: 0.005 0.025 0.062 3.53 21.7 1.6 85.6 12.7 BAYOU LACOMBE 
92 MARSH (SA WGRASS): 0.005 0.036 0.060 3.59 43.4 5.5 80.0 14.4 BAYOU LACOMBE 
93 MARSH: TIDAL-2 0.008 0.041 0.062 2.88 37.3 7.6 82.9 9.5 
94 MARSH (NATURAL 0.009 0.042 0.061 2.65 21.0 0.3 90.4 9.3 LEVEE): TIDAL-2 
95 MARSH: TIDAL-2 0.004 0.037 0.061 3.88 34.9 8.1 76.1 15.7 
025 DUP CHANNEL: BAYOU 0.023 0.056 0.071 1.75 5.8 18.3 78.6 3.1 LACOMBE 
045 DUP CHANNEL: TIDAL 0.016 0.061 0.184 3.44 8.1 46.4 48.6 5.0 
055 DUP POND-2 0.015 0.051 70.4 0 .5 68.6 30.9 
065 DUP BURN 1 MARSH 0.017 0.050 0.065 1.95 20.8 28.4 64.4 7.2 
V1 
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Table 1 (continued). 
075 DUP 
085 DUP 
095 DUP 
CHANNEL:TIDAL-1 
MARSH:TIDAL-1 
MARSH: TIDAL-2 
0.025 0.061 0.094 
0.006 0.015 0.058 
0.009 0.055 0.063 
1.94 
3.23 
2.69 
9.2 
37.7 
56.5 
28.8 
0.8 
3.7 
67 .2 
87.1 
86.8 
4.0 
12.1 
9.5 
Vl 
(j.) 
have an average median particle size of 0.043 mm and a sorting coefficient of 3.19. 
Average organic content was found to be 26.0%. Data were grouped into depositional 
sub-environments and analyzed for spatial relationships to further analyze the sediment 
distribution and other characteristics of the study area (Figure 21). The following is a 
bulletined Jist of sub-environment groupings: 
• Bayou Lacombe Channel-Average of bed-material samples along Bayou 
Lacombe 
• Tidal Channels-Average of bed-material samples along Tidal Channels 1 
and 2 
• Tidal Channel 1-A verage of bed-material samples along Tidal Channel 1 
• Tidal Channel 2-A verage of bed-material samples along Tidal Channel 2 
• Ponds-Average of bed-material samples collected from open Ponds sub-
environment 
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• Tidal Channel/Pond 2-A verage of bed-material samples collected from Tidal 
Channel 2 and the open ponded areas near Tidal Channel 2 
• Control Marsh-Average of marsh surface samples collected from the Control 
Marsh island 
• Burn Marsh-Average of marsh surface samples collected from the Burn 
Marsh island. 
• Tidal 1 Marsh-Average of marsh surface samples collected from marsh 
adjacent to Tidal Channel 1. 
• Tidal 2 Marsh- Average of marsh surface samples collected from marsh 
adjacent to Tidal Channel 2. 
• Bayou Lacombe Marsh-Average of marsh surface samples collected from 
marsh adjacent to the Bayou Lacombe channel 
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A t-test was run between datasets to compare the following statistics for each sub-
environment: d,6 (mm), dso (mm), ds4 (mm), dimensionless sorting coefficient 
(SC=...J (d8,Jd,6), organic matter content(%), sand fraction (% ), silt fraction (% ), and clay 
fraction (%) (Table 2). Averages for sub-environment statistics were also compared 
(Figures 22-29) (Table 3). 
Depositional Sub-environments 
Study Area Channels 
Summary statistics for study area channel sub-environments can be found in 
Table 3. Channel bed-material samples were grouped into three main sub-environments: 
Bayou Lacombe Channel, Tidal Channel 1, and Tidal Channel 2. The data from the Tidal 
Channel 2 sub-environment were further analyzed through two different groupings: (i) 
one including pond bottom samples (Tidal Channel/Pond 2) and (ii) one excluding pond 
bottom samples (Tidal Channel 2). Data from Tidal Channels 1 and 2 were also grouped 
together for comparison to other sub-environments (Tidal Channels). 
Analysis of Bayou Lacombe bed-material samples yielded a median dso of 0.051 
mrn, average sorting coefficient of 2.56, OM of 13.2%, sand fraction of 21.7%, silt 
fraction of 71.6%, and clay fraction of 6.7%. Tidal Channel 1 samples had a median d50 
of 0.061 mm, average sorting coefficient of 2.44, OM of 12.4%, sand fraction of 21. 7%, 
silt fraction of 72.3%, and clay fraction of 6.0%. Tidal Channel 2 samples (excluding 
pond samples) had a median d50 of 0.046 mm, average sorting coefficient of 3.09, OM of 
25.3%, sand fraction of 15.4%, silt fraction of 75.0%, and clay fraction of 9.6%. When 
Table 2 (continued) 
STUDY AREA MARSH (NOT BURNED) VS. BURN I MARSH 0.054 0.000 0.048 0.034 0.185 0 .346 0.079 0 .709 
STUDY AREA MARSH (NOT BURNED) VS. PONDS 0.000 0.332 0.487 0.000 0.000 0.109 0.505 0.000 
STUDY AREA MARS H (NOT BURNED) VS. TIDAL CHANNEL I MARS H 0.570 0.367 0.1 63 0.321 0.470 0.640 0.189 0.325 
STUDY AREA MARSH (NOT BURNED) VS . TIDAL CHANNEL 2 MARSH 0.41 3 0.686 0.435 0.843 0.380 0.393 0.49 1 0.595 
STUDY AREA MARSH VS. BAYOU LACOMBE CHANNEL 0.090 0.084 0.436 0.054 0.006 0.231 0.391 0.042 
STUDY AREA MARSH VS. BAYOU LACOMBE MARS H 0.784 0.472 0.008 0.698 0.422 0.002 0.005 0.950 
STUDY AREA MARSH VS. BURN I MARSH 0.194 0.471 0.200 0.584 0.338 0.002 0.000 0.119 
STUDY AREA MARSH VS. CONTROL 2 MARSH 0.570 0.925 0.495 0.042 0.23 1 0.466 0.258 0.531 
STUDY AREA MARSH VS. PONDS 0.43 1 0. 159 0.084 0.250 0.502 0.070 0.019 0.742 
STUDY AREA MARSH VS. STUDY AREA MARSH (NOT BURNED) 0.580 0.9 19 0.405 0.744 0.9 10 0.375 0.402 0.615 
STUDY AREA MARSH VS. TIDAL CHANNEL I MARS H 0.47 1 0.741 0.039 0.9 17 0.263 0.094 0.048 0.561 
STUDY AREA MARSH VS. TIDAL CHANNEL 2 MARSH 0.277 0.278 0.02 1 0.574 0.322 0.040 0. 11 8 0.969 
STUDY AREA MARSH VS. TIDAL CHANNELS 0.132 0.000 0.699 0.054 0.003 0.150 0.387 0.005 
TIDAL CHANNEL I MARSH VS. BAYOU LACOMBE MARSH 0.046 0.910 0.054 0.883 0.041 0.297 0.035 0.099 
TIDAL CHANNEL I MARSH VS. BURN I MARSH 0.084 0.01 8 0.028 0.053 0.535 0.224 0.034 0.550 
TIDAL CHANNEL I MARSH VS. CONTROL 2 MARSH 0.781 0.029 0.337 0.038 0.564 0.116 0.026 0.172 
TIDAL CHANNEL I MARSH VS. TIDAL CHANNEL 2 MARSH 0.513 0.905 0.3 12 0.364 0.51 1 0.351 0.324 0.937 
TIDAL CHANNEL I VS. BAYOU LACOMBE CHANNEL 0.646 0.204 0.657 0.724 0.878 0.996 0.936 0.728 
TIDAL CHANNEL I VS. BAYOU LACOMBE MARSH 0. 195 0.001 0.022 0.267 0.026 0.03 1 0.056 0.079 
TIDAL CHANNEL I VS. BURN I MARSH 0.500 0.010 0.278 0.052 0.001 0.430 0.194 0. 127 
TIDAL CHANNEL I VS . CONTROL 2 MARSH 0.064 0.014 0.754 0.001 0.008 0.588 0.866 0.008 
TIDAL CHANNEL I VS . MARSH 0.093 0.000 0.569 0.007 0.000 0.174 0.4 11 0.002 
TIDAL CHANNEL I VS. MARSH (NOT BURNED) 0.068 0.000 0.569 0.007 0.000 0.174 0.411 0.002 
TIDAL CHANNEL I VS . POND 0. 195 0.208 0.168 0.022 0.010 0.852 0.30 1 0.049 
TIDAL CHANNEL I VS. TIDAL I MARSH 0.056 0.004 0.020 0.023 0.003 0.020 0.048 0.003 
TIDAL CHANNEL I VS. TIDAL 2 MARSH 0.050 0.015 0.01 8 0.073 0.019 0.022 0.050 0.020 
VI 
-...J 
Table 2 (continued). 
TIDAL CHANNEL I VS. TIDAL CHANNEL 2 0.080 0.155 0.806 0.223 0.020 0.504 0.761 0.052 
TIDAL CHANNEL I VS. TIDAL CHANNEUPONDS 2 0.047 0. 166 0.391 0.006 0.006 0.727 0.517 0.009 
TIDAL CHANNEL I VS. TIDAL CHANNELS 0.484 0.405 0.860 0.386 0.153 0.747 0.874 0.314 
TIDAL CHANNEL 2 MARSH VS. BURN I MARSH 0.484 0.227 0.382 0.031 0.735 0.544 0.535 0.731 
TIDAL CHANNEL 2 MARSH VS. CONTROL 2 MARSH 0.440 0.274 0.265 0.297 0.400 0.257 0.227 0.435 
TIDAL CHANNEL 2 VS. BAYOU LACOMBE CHANNEL 0.080 0.930 0.593 0.331 0.046 0.542 0.7 17 0.194 
TIDAL CHANNEL 2 VS. BAYOU LACOMBE MARSH 0.692 0.055 0.323 0.920 0.936 0. 161 0.209 0.6 16 
TIDALCHANNEL2 VS. BURN I MARSH 0.164 0.282 0.269 0.977 0.865 0. 161 0.193 0.589 
TIDAL CHANNEL 2 VS. CONTROL 2 MARSH 0.718 0.208 0.663 0.275 0.807 0.886 0.647 0.223 
TIDAL CHANNEL 2 VS. POND 0.350 0.960 0.233 0.273 0.290 0.382 0.248 0.415 
TIDAL CHANNEL 2 VS. STUDY AREA MARSH 0.786 0.098 0.958 0.787 0.411 0.612 0.756 0.324 
T IDAL CHANNEL 2 VS. STUDY AREA MARSH (NOT BURNED) 0.809 0.091 0.671 0.691 0.396 0.380 0.53 1 0.204 
TIDAL CHANNEL 2 VS. TIDAL I MARSH 0.606 0. 116 0.416 0.853 0.141 0. 196 0.294 0.216 
TIDAL CHANNEL 2 VS. TIDAL 2 MARSH 0.457 0.436 0.391 0.903 0.203 0.212 0.288 0.503 
TIDAL CHANNEL 2 VS. TIDAL CHANNEUPONDS 2 0.407 0.796 0.391 0. 105 0. 170 0.725 0.392 0. 114 
TIDAL CHANNEL 2 VS. TIDAL CHANNELS 0.110 0.355 0.882 0.444 0. 113 0.647 0.841 0. 189 
TIDAL CHANNEL 2 VS. TIDAL PONDS 2 0.281 0.779 0.280 0.017 0.139 0.652 0.220 0.084 
TIDAL CHANNEUPONDS 2 VS. BAYOU LACOMBE CHANNEL 0.053 0.75 1 0.706 0.010 0.010 0.756 0.594 0.023 
TIDAL CHANNEUPONDS 2 VS. BAYOU LACOMBE MARSH 0.418 0. 169 0.041 0.092 0.171 0.033 0.006 0.345 
TIDAL CHANNEUPONDS 2 VS. BURN I MARSH 0.078 0.554 0.667 0.051 0.173 0.216 0.543 0.062 
TIDAL CHANNEUPONDS 2 VS. CONTROL 2 MARSH 0.788 0.407 0.606 0.288 0. 127 0.834 0.608 0.535 
TIDAL CHANNEUPONDS 2 VS. MARSH 0.240 0.277 0.246 0.071 0.301 0.297 0.093 0.246 
TIDAL CHANNEUPONDS 2 VS. MARSH (NOT BURNED) 0.526 0.268 0.13 1 0.091 0.333 0. 147 0.043 0.350 
TIDAL CHANNEUPONDS 2 VS. PONDS 0.126 0.852 0.765 0.586 0.761 0.573 0.7 10 0.545 
TIDAL CHANNEUPONDS 2 VS. TIDAL CHANNEL I MARSH 0.9 15 0.262 0.060 0.081 0.947 0.057 0.0 13 0.451 
TIDAL CHANNEUPONDS 2 VS. TIDAL CHANNEL 2 MARSH 0.910 0.728 0.055 0.055 0.904 0.055 0.016 0.297 
Ul 
00 
Table 2 (continued). 
TIDAL CHANNEUPONDS 2 VS. TIDAL CHANNELS 0.042 0.332 0.340 0.014 
TIDAL CHANNEUPONDS 2 VS. TrDAL PONDS 2 0.619 0.917 0.657 0.221 
TIDAL CHANNELS VS. BAYOU LACOMBE CHANNEL 0.339 0.488 0.326 0.226 
T IDAL CHANNELS VS. BAYOU LACOMBE MARSH 0.032 0. 122 0.021 0.033 
TIDAL CHANNELS VS. BURN I MARSH 0.646 0. 106 0.014 0.018 
TIDAL CHANNELS VS. CONTROL 2 MARSH 0. 142 0.301 0.668 0.536 
TIDAL CHANNELS VS. TIDAL CHANNEL I MARSH 0. 176 0. 108 0.284 0.046 
TIDAL CHANNELS VS. TIDAL CHANNEL 2 MARSH 0.721 0.366 0.22 1 0.335 
0.024 0.941 
0.563 0.852 
0.376 0.563 
0.160 0.058 
0.856 0.046 
0.463 0.767 
0.622 0.177 
0.920 0.212 
0.364 
0.564 
0.564 
0.014 
0.014 
0.691 
0.290 
0. 199 
0.023 
0.489 
0.457 
0.221 
0.61 1 
0.551 
0.280 
0.551 
U\ 
\0 
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Table 3 
Sub-Environment Summary Statistics 
dl6 dso dg4 Sorting % % % % 
TIDAL CHANNELS (mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.013 0.054 0.084 2.70 17.6 19.2 73.4 7.4 
MAX: 0.028 0.063 0. 136 4.23 3 1.2 42.8 89.0 11.6 
MIN: 0.006 0.041 0.060 1.94 6.4 2.4 54.2 3.0 
MEDIAN: 0.009 0.055 0.076 2.70 16.9 19.3 73.0 8.0 
STANDARD 0.008 0.009 0.026 0.68 8.6 14.1 12.7 3.0 DEVIATION: 
TIDAL CHANNEL I dl6 dso dg4 Sorting % % % % (mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.016 0.057 0.086 2.44 12.4 21.7 72.3 6.0 
MAX: 0.028 0.063 0.1 10 3. 12 17.4 42.8 89.0 8.6 
MIN: 0.008 0.046 0.060 1.94 6.4 2.4 54.2 3.0 
MEDIAN: 0.015 0.061 0.092 2.42 12.8 25.7 68.4 6.1 
STANDARD 0.009 0.007 0.020 0.48 5.1 15.3 13.4 2.5 DEVIATION: 
TIDAL CHANNEL 2 dl6 dso dg4 Sorting % % % % (mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.009 0.049 0.081 3.09 25.3 15.4 75.0 9.6 
MAX: 0.012 0.061 0.136 4.23 31.2 34.2 84.4 11.6 
MIN: 0.006 0.041 0.061 2.29 16.7 4.0 55.5 6.2 
MEDIAN: 0.008 0.046 0.062 2.92 26.7 I 1.6 80.1 10.3 
STANDARD 0.002 0.009 0.037 0.83 6.6 13.1 13.5 2.3 DEVIATION: 
TIDAL dl6 dso ds4 Sorting % % % % 
CHANNEUPOND 2 (mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.007 0.046 0.104 4.21 36.2 18.6 67.3 14.1 
MAX: 0.013 0.089 0.2 18 6.45 70.4 57.1 84.4 30.9 
MIN: 0.001 0.015 0.051 2.29 4.3 0.5 35.8 6.2 
MEDIAN: 0.007 0.046 0.063 4. 11 30.5 11.6 72.5 11.5 
STANDARD 0.004 0.021 0.061 1.42 21.0 19.2 16.4 7.5 DEVIATION: 
TIDAL 2 PONDS dl6 dso ds4 Sorting % % % % (mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.006 0.045 0.120 5.12 43.4 20.8 62.1 17.1 
MAX: 0.013 0.089 0.218 6.45 70.4 57.1 81.8 30.9 
MIN: 0.001 0.015 0.051 3.93 4.3 0.5 35.8 7.1 
MEDIAN: 0.004 0.045 0.114 5.05 48.2 17.2 62.6 15.4 
STANDARD 0.004 0.028 O.Q71 1.12 24.7 23.4 17.1 8.5 DEV IATION: 
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Table 3 (continued). 
PONDS d16 d50 ds4 
Sorting % % % % 
(mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.011 0.048 0.112 3.83 33.3 23.3 64.7 12.0 
MAX: 0.018 0.089 0.218 6.45 70.4 57.1 87.6 30.9 
MIN: O.OOI 0.015 0.051 2.09 4.3 0.5 35.8 3. 1 
MEDIAN: 0.013 0.052 0.111 3.48 28.5 29.5 65.0 7.6 
STANDARD 0.006 0.021 0.053 1.56 21.4 18.3 14.5 8.5 DEVIATION: 
BAYOU LACOMBE d16 dso ds4 Sorting % % % % 
CHANNEL (mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.020 0.049 0.095 2.56 13.2 21.7 71.6 6.7 
MAX: 0.042 0.066 0.196 3.59 37.6 51.7 89.3 14.9 
MIN: 0.005 0.025 0.060 1.71 3.I I. I 46.3 2.0 
MEDIAN: O.OI7 0.051 0.067 2.61 10.6 14.9 79.9 5.3 
STANDARD O.OI5 0.015 0.049 0.78 11.7 21.2 17.2 4.9 DEV IATION: 
TIDAL CHANNEL I d16 dso ds4 Sorting % % % % 
MARSH (mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.007 0.036 0.063 3. 18 35.6 4.3 83.7 12.0 
MAX: 0.017 0.053 0.076 3.69 51.0 20.3 88.4 14.9 
MIN: 0.005 0.015 0.058 2.14 12.5 0.8 73.5 6.2 
MEDIAN : 0.005 0.035 0.061 3.43 38.9 1.2 84.7 13.0 
STANDARD 0.005 0.01 3 0.007 0.64 13.0 7.8 5.3 3.3 DEVIATION: 
TIDAL CHANNEL 2 d16 dso ds4 Sorting % % % % 
MARSH (mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.007 0.044 0.062 3.02 37.4 4.9 84.0 11.0 
MAX : 0.009 0.055 0.063 3.88 56.5 8. 1 90.4 15.7 
MIN: 0.004 0.037 0.061 2.65 21.0 0.3 76.1 9.3 
MEDIAN: 0.008 0.041 0.062 2.78 36. 1 5.7 84.8 9.5 
STANDARD 0.002 0.008 0.001 0.58 14.6 3.6 6.1 3.2 DEVIATION: 
BAYOU LACOMBE d16 dso ds4 Sorting % % % % 
MARSH (mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.010 0.035 0.059 3.02 24.9 3.2 85 .8 10.9 
MAX : 0.026 0.046 0.063 5.04 43.4 6.8 92.3 18.7 
MIN: 0.002 0.019 0.051 1.53 8.0 0.3 80.0 5.2 
MEDIAN: 0.008 0.039 0.060 2.82 24.6 2.6 87. 1 8.3 
STANDARD 0.008 0.011 0.004 1.20 11.0 2.7 5.0 6.0 DEVIATION: 
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Table 3 (continued). 
CONTROL 2 MARSH dl6 d50 ds4 
Sorting % % % % 
(mm) (mm) (mm) Coefficient LOI SAND SfLT CLAY 
AVG: 0.008 0.039 0.09 1 3.65 24.2 16.7 71.0 12.3 
MAX: 0.02 1 0.063 0.168 4.39 35.0 49.5 87.2 18.8 
MIN: 0.003 0.020 0.058 2.81 5.3 1.4 47.3 3.2 
MEDIAN: 0.005 0.029 0.062 3.72 26. 1 2.8 78.4 13.6 
STANDARD 0.006 0.017 0.047 0.48 9.4 19.4 14.9 5. 1 DEVIATION: 
BURN I MARSH dl6 dso ds4 Sorting % 
% % % 
(mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.013 0.042 0.119 3.07 26.0 27.6 63.7 8.6 
MAX: O.Q25 0.052 0.262 3.81 36.2 41.1 71.7 12.4 
MIN: 0.006 0.028 0.065 1.95 20.6 17.8 55.7 3.2 
MEDIAN: 0.010 0.046 0.081 3.21 25.4 28.4 64.4 10.0 
STANDARD 0.008 0.011 0.072 0.58 5.5 9.0 6.4 3.3 DEV IATION: 
STUDY AREA MARSH dl6 dso ds4 Sorting 
% % % % 
(mm) (mm) (mm) Coefficient LOI SAND SILT CLAY 
AVG: 0.009 0.038 0.079 3.2 1 28.7 11.5 77.4 I I. I 
MAX: 0.026 0.063 0.262 5.04 56.5 49.5 92.3 18.8 
MIN: 0.002 0.015 0.051 1.53 5.3 0.3 47.3 3.2 
MEDIAN: 0.007 0.036 0.062 3.23 28.5 5.2 8 1.4 11.3 
STANDARD 0.006 0.012 0.043 0.72 10.7 14.1 12.1 4.3 DEVIATION: 
STUDY AREA MARSH dl6 d50 ds4 Sorting % % % % 
(BURNED OMITTED) (mm) (mm) (mm) Coefficient LOI SAND SlLT CLAY 
AVG: 0.008 0.038 0.072 3.28 29.0 8.4 79.9 11.7 
MAX: 0.026 0.063 0.168 5.04 56.5 49.5 92.3 18.8 
MIN : 0.002 0.015 0.05 1 1.53 5.3 0.3 47.3 3.2 
MEDIAN: 0.006 0.037 0.061 3.6 1 29.7 2.7 83.0 11.7 
STANDARD 0.006 0.013 0.03 1 0.79 12.3 13.2 11.5 4.5 DEVIATION: 
combined, samples from Tidal Channel 1 and 2 yielded a median d5o of 0.055 mm, 
average sorting coefficient of2.70, OM of 17.6%, sand fraction of 19.2%, silt fraction of 
73.4%, and clay fraction of 7 .4%. Tidal Channel/Ponds 2 samples yielded a median dso 
of0.046 mm, average sorting coefficient of 4.21 , OM of 36.2%, sand fraction of 18.6%, 
silt fraction of 67.3%, and clay fraction of 14.1 %. 
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When looking at samples from the three Bayou Lacombe cross-sections (345, 
2,467, and 4,795 m upstream from Lake Pontchartrain), samples from the cross-section 
closest to Lake Pontchartrain had the coarsest sediment distribution (d50 of 0.062 mm) 
with a much higher sand fraction (34.9%) and much lower clay fraction (2.8%) than 
samples from the two cross-sections upstream. A fining trend existed in the Bayou 
Lacombe bed-material samples in an upstream direction with higher clay fractions in the 
second cross-section (8.4%) and even higher clay fractions in the third cross-section 
upstream (13.2%). The proximity of the coarsest bed-material samples to the mouth of 
Bayou Lacombe and, consequently, beach environments cause the higher sand. fractions 
in the bed-material samples from the first cross-section. 
Particle-size data from bed-material samples of Bayou Lacombe should represent 
a higher energy environment when compared to the smaller tidal channels and ponds of 
the study area. However, Bayou Lacombe has a significantly (P-value = 0.023) lower 
clay fraction (6.7%) than that of Tidal Channel/Ponds 2 (14.1 %). This increase in clay 
fraction is representative of a transition into a lower energy depositional environment. 
Average organic matter content is significantly (?-values= 0.046 and 0.010) higher for 
the Tidal Channel 2 samples (excluding pond samples) (25.3%) and Tidal Channel/Ponds 
2 samples (including pond samples) (36.2%) than Bayou Lacombe bed-material samples 
(13.2%), representing a transition to a lower energy environment. The shaUower depths 
allow for more biologic productivity and subsequent organic accumulation. There are no 
significant differences in particle size statistics and organic content averages between 
bed-material samples from Bayou Lacombe Channel and Tidal Channel 1. Bayou 
Lacombe Channel bed-material samples yield a median dso of 0.051 mm, average sand 
fraction 
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BIG BRANCH MARSH: SUB-ENVIRONMENT GROUPINGS OF SAMPLES 
Figure 21. Big Branch Marsh Sub-environment Groupings of Samples. Image shows sediment sample sites grouped into sub-
environments of the study area. 0\ 
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Figure 22. Average d 16 (mm) of Sub-environments. Average d 16 for study area sub-
environments of Big Branch Marsh is shown in rniJJimeters. Red line indicates the 
average d 16 for the study area. 
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Figure 23. Average d50 of Sub-environments. Average d50 for study area sub-
environments of Big Branch Marsh is shown in millimeters. Red line indicates the 
average d50 for the study area. 
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Figure 24. Average d84 of Sub-environments. Average d84 for sub-environments of Big 
Branch Marsh is shown in millimeters. Red line indicates the average d84 for the study 
area. 
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Figure 25. Sub-environments: Average Sorting Coefficient. Average sorting coefficients 
for sub-environments of Big Branch Marsh are shown above in chart. Red line indicates 
the average sorting coefficient for the study area. 
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-- SUB-ENVIRONMENTS: AVERAGE ORGANIC MATIER CONTENT 
- % LOI - STUDY AREA 
Figure 26. Sub-environments: Average Organic Matter Content. Average organic matter 
contents for sub-environments of Big Branch Marsh are shown in percentage of sample. 
Red line indicates the average organic content for study area. 
SUB-ENVIRONMENTS: AVERAGE SAND FRACTION 
Figure 27. Sub-environments: Average Sand Fraction. Average sand fractions for sub-
environments of Big Branch Marsh are shown in percentage of sample. Red line indicates 
the average sand fraction for the study area. 
SUB-ENVIRONMENTS: AVERAGE SILT FRACTION 
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Figure 28. Sub-environments: Average Silt Fraction. Average silt fractions for sub-
environments of Big Branch Marsh are shown in percentage of sample. Red line 
indicates the average silt fraction for the study area. 
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Figure 29. Sub-environments: Average Clay Fraction. Average clay fractions for sub-
~nvironments of Big Branch Marsh are shown in percentage of sample. Red line 
mdicates the average clay fraction for the study area. 
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21.7%, clay fraction of 6.7%, and organic content 13.2 %. Tidal Channel 1 bed-material 
samples yielded a median dso of0.061 , average sand fraction of21.7%, clay fraction 
6.0%, and organic content of 12.4%. 
There are significant differences in d 16 (P-value = 0.046), sorting coefficient (P-
value = 0.006) , organic matter content (P-value = 0.006), and clay fraction (P-value = 
0.009) between Tidal Channel 1 and Tidal Channel/Pond 2 bed-material samples. Tidal 
Channel 1 has a higher median d,6 (0.015 mm) and lower average clay fraction (6.0%) 
than that of the Tidal Channel/Pond 2 samples (0.006 mm and 14.1 % ). The finer average 
particle size of Tidal Channel/Pond 2 samples (compared to Bayou Lacombe and Tidal 
Channel 1 samples) is indicative of a lower energy environment. This could be due to the 
number of bed-material sample locations in the ponds developed along Tidal Channel 2. 
Also, the outlet of Tidal Channel 1 is closer to Lake Pontchartrain than Tidal 
Channel/Pond 2. Therefore, sands can flush into its mouth from Bayou Lacombe, and 
storm overwash is more likely to deposit coarser beach sands into Tidal Channel 1. 
Study Area Ponds 
Summary statistics for study area pond sub-environments can be found in Table 3. 
Pond bottom samples were grouped together to yield averages for comparison against 
channel and marsh sub-environments (Table 3). Pond bed-material samples yielded a 
median dso of 0.052 mm, average sorting coefficient of 3.83, OM of 33.3%, sand fraction 
of 23.3%, silt fraction of 64.7%, and clay fraction of 12.0% (Table 3). Pond samples 
from Tidal Channel 2 were isolated and grouped together. This group yielded a median 
dso of 0.045 mm, average sorting coefficient of 5.12, OM of 43.4%, sand fraction of 
20.8%, silt fraction of 62.1 %, and clay fraction of 17.1 %. Bed-material samples from the 
pond adjacent to the Burn Marsh Island were also grouped together, yielding a median 
dso of0.027 mm, average sorting coefficient of2.55, OM of21.2%, sand fraction of 
26.4%, silt fraction of 67.9%, and clay fraction of 5.8%. 
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Significant differences in average sand (P-value = 0.023) and clay fractions (P-
value = 0.009) are evident between pond and tidal channel bed-material samples. Pond 
samples had a higher average clay fraction (12.0%) than the Tidal Channels (7.4%). 
However, Pond samples yielded a higher sand fraction (23.3%) than the Tidal Channels 
(19.2%). Also, the average sand fraction of Pond samples (23.3%) is higher than that of 
Bayou Lacombe Channel (21.7%). Although the difference is less than 2%, these data 
are important because the expected sand fraction for the distal pond environments is 
hypothesized to be lower than that of the more energetic Bayou Lacombe channel. This 
could indicate that the sand was deposited through a storm or flood event, but daily tidal 
currents in the more spatially expansive ponds are not strong enough to remove the 
coarser fraction. Alternatively, the coarser sediments in the interior areas could indicate 
isolation from a Bayou Lacombe influence- these interior areas have less fine-grained 
sediment re-introduced through fluvial or tidal currents than proximal areas to Bayou 
Lacombe since Hurricane Katrina blanketed the entire area in August 2005 with Lake 
Pontchartrain-derived sand. 
The Pond sub-environment also has a higher average organic content (33.3%), 
sorting coefficient (3.83), and clay fraction (12.0 %) than Tidal Channel 1. The higher 
percentages of organic matter and clay are indicative of lower energy depositional 
environments. A comparison of the sorting coefficients of Tidal Channel 2 bed-material 
samples to that of the pond samples of Tidal Channel 2 indicates that the ponds have a 
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significantly (P-value = 0.0 17) higher average sorting coefficient (5.12) than the channel 
samples (3.09). The higher average sorting coefficient indicates a wider particle size 
distribution, which is explained by a pulsed introduction of coarser particles through 
flood or storm surge and subsequent failure to remove coarser particles with daily tidal 
processes. 
Study Area Marsh 
Summary statistics for marsh sub-environments can be found in Table 3. By 
grouping all marsh surface samples in the study area, a median d5o was found to be 0.036 
rnm with an average sand fraction of 11.5%. This median d50 is lower than the median 
particle size for the entire study area's samples (0.043 mm), following the theory that 
vegetated marsh surfaces facilitate the deposition of finer-grained sediments. The 
average sorting coefficient was 3.21 , which is similar to that of the entire study area 
(3.19). Marsh samples yielded an average organic matter content of 28.7%, which is only 
slightly higher than the overall average organic content (26.0%). This similarity in 
average sorting coefficients and organic contents suggest there is another control on these 
data other than the presence of marsh vegetation. 
To more accurately characterize the sediment distribution of marsh samples in the 
study area, marsh samples were grouped into the following categories: Bayou Lacombe 
Marsh, Tidal Channel 1 Marsh, Tidal Channel 2 Marsh, Control Marsh, and Burn Marsh. 
When grouped together, samples from Bayou Lacombe Marsh yield a median d50 of 
0.039 mm, average sorting coefficient of 3.02, OM of 24.9%, sand fraction of 3.2%, silt 
fraction of 85.8%, and clay fraction of 10.9%. Tidal Channel 1 Marsh samples had a 
median dso of 0.035 mm, average sorting coefficient of 3.18, OM of 35.6%, sand fraction 
73 
of 4.3%, silt fraction of 83.7%, and clay fraction of 12.0%. Samples from Tidal Channel 
2 Marsh had a median dso of0.041 mm, average sorting coefficient of3.02, OM of 
37.4%, sand fraction of 4.9%, silt fraction of 84.0%, and clay fraction of 11.0%. Control 
Marsh samples yielded a median dso of 0.029 mm, average sorting coefficient of 3.65, 
OM of24.2%, sand fraction of 16.7%, silt fraction of71.0%, and clay fraction of 12.3%. 
Burn Marsh samples had a median d5o of 0.046 mm, average sorting coefficient of 3.07, 
OM of 26.0%, sand fraction of 27.6%, silt fraction of 63.7%, and clay fraction of 8.6%. 
When comparing Bayou Lacombe Marsh to Burn Marsh, it is evident that marsh 
surface samples of the Burn Marsh sub-environment have a higher median d16 (0.010 
mm), dso (0.046 mm), and average sorting coefficient (3.65). Control Marsh surface 
samples have a higher median d5o, d84, average sorting coefficient, and sand fraction than 
Bayou Lacombe Marsh samples. These differences between Control and Burn samples 
from Bayou Lacombe Marsh samples indicate a coarser average particle size and wider 
particle size distribution. Bayou Lacombe Marsh samples have a higher silt fraction and 
lower organic matter content, but the difference in organic content ( <2%) should 
interpreted with reservations (despite the P-value of less than 0.05) because Bayou 
Lacombe Marsh samples showed a variety of organic contents-this same interpretation 
applies to the organic matter content of Burn samples as well. However, there is a 
statistically significant (P-value = 0.041) increase in average organic matter content from 
Bayou Lacombe Marsh to Tidal Channel 1 Marsh (24.9% 7 35.6%). This trend is also 
shown in marsh in Tidal Channel2 area (24.9% 7 37.4%), although it is not statistically 
significant due to the difference in number of sample sites between the groups. This 
Increase in organic content is not accompanied by any significant difference in particle 
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size between Bayou Lacombe and tidal channel marsh samples. This increase in organic 
content could represent a shift to a slightly fresher and more productive marsh 
environment; however, this is unlikely when considering the short distance between the 
two sub-environments. Increase in organic content could be attributed to the variability 
within each marsh sub-environment-standard deviations of the organic content of the 
three sub-environments (Bayou Lacombe Marsh = 11.0%, Tidal Channel 1 Marsh = 
13.1 %, and Tidal Channel 2 Marsh= 14.6%) are considerably high when looking at the 
differences between the average organic contents. 
Channel bed-material samples from Bayou Lacombe show a significantly (P-
values = 0.016 and 0.020) higher average d84 (0.094 mm) and sand fraction (21.7%) than 
the associated marsh (0.059 mm and 3.2%). This fining trend from channel to marsh is 
accompanied by a significant (P-value = 0.016) increase in the silt fraction as well 
(71.6% -7 85.8% ). This difference is expected as marsh vegetation has been shown to 
significantly decrease the energy of overbank flow, allowing for finer grains to settle out 
of suspension (Yang, 1998). 
Similar to Bayou Lacombe Marsh samples, the marsh samples adjacent to Tidal 
Channel 1 have a finer average particle distribution than the channel bed-material 
samples. Bed-material samples have an average sand fraction of 21.7%, silt fraction of 
72.3%, and clay fraction of 6.0%. Marsh samples have an average sand fraction of 4.3%, 
silt fraction of 83.7%, and clay fraction of 12.0%. This decrease in grain size from tidal 
channel to marsh environment illustrates the decrease in energy when moving from 
channel currents to one with overbank currents, a phenomenon likely greatly assisted by 
the dense Spartina vegetation characteristic to most of the marsh environment in the 
study area, which has been shown in a previous study to be a significant factor in fine-
grained deposition (Yang, 1998). There is also an increase in average organic content 
from Tidal Channel 1 (OM= 12.4%) to Tidal Channel 1 Marsh (OM= 35.6%). 
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Control and Burn Marsh samples were found to have the highest sand fraction 
percentages, 16.7% and 27.6% respectively, of the marsh sub-environment study groups. 
These sand fractions are higher when compared to those of Bayou Lacombe, Tidal 1, and 
Tidal2 Marsh samples (3.2%, 4.3%, and 4.9%). This was also accompanied by a lower 
average silt fraction in Control and Bum Marsh (71.0% and 63.7%) than Bayou 
Lacombe, Tidal 1, and Tidal2 Marsh samples (85.8%, 83.7%, and 84.0%). Differences 
in clay fractions, ranging from 8.6% to 12.3%, between marsh sub-environments were 
not found to be statistically significant. 
When comparing samples from Control and Burn Marshes, it is evident that the 
median d5o,ds4 , and average sand fraction are higher in the Burn Marsh sub-environment. 
The average sorting coefficient was lower for the Burn Marsh samples (3.07) than the 
Control Marsh samples (3.65). These relationships could be explained by the lack of 
interior marsh samples on the Bum Marsh island or the higher average inundation and/or 
thinner vegetation of the Burn Marsh island (observed in the field). However, interior 
Control Marsh samples do not show a consistently finer particle distribution when 
compared to Control Marsh samples that were collected closer to the edge of the channel. 
The coarser particle distribution found in the Control and Bum Marshes does not 
make sense if tidal energy entering the study area through Bayou Lacombe was the major 
influential force for distributing sediment in the marsh areas. Therefore, there must be 
another controlling factor on the distribution of sediment throughout the marsh in the 
study area as a whole. The much coarser average particle size in Control and Burn 
Marshes could be indicative of marsh that has been flooded more frequently and 
intensely; however, there are no field observations (significantly lower marsh surface 
elevation) to indicate this. Marshes with much higher sand fractions should indicate a 
much closer location to flood source (Bayou Lacombe or Lake Pontchartrain). 
Spatial Size Patterns and Other Non-Spatial Relations 
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By defining relations (specifically spatial) among sedimentary variables, patterns 
can be established and unique depositional processes determined. Such variables that 
will be correlated with particle-size data and organic matter content are as follows: 
distance from Lake Pontchartrain, distance from Bayou Lacombe, and distance into 
marsh from channel or pond shorelines. By determining the spatial relationships between 
these variables and particle-size statistics, the depositional processes at work currently in 
the study area and, ultimately, the major controlling factors I energy sources can be 
determined. 
Study Area 
Several relationships are evident when grouping all channel, marsh, and pond 
samples together. Study area samples produced a fining trend with increasing distance 
from Lake Pontchartrain. There is a weak negative trend in sand fraction (R2 = 0.11), a 
weak positive trend in silt fraction (R2 = 0.08), and a weak positive trend in clay fraction 
(R2 = 0.11) with increasing distance from Lake Pontchartrain (Figure 30). This fining 
trend with increasing distance from Lake Pontchartrain suggests a decrease in energy 
with distance from Lake Pontchartrain. However, because the samples represent 
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different depositional sub-environments, higher resolution regression Jines were produced 
to find a more detailed distribution pattern. 
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Figure 30. Study Area samples: Distance from Lake vs. Grain Size Fraction. Sand, silt 
and clay fractions of all study area samples collected from Big Branch Marsh are plotted 
against distance from Lake Pontchartrain. 
Samples produce a weak increase in sand fraction (R2 = 0.10), a weak decrease in 
silt fraction (R2 = 0.13), and a very weak negative trend in clay fraction (R2 = 0.002) with 
increasing distance from Bayou Lacombe (Figure 31). This coarsening pattern, although 
weak, suggests an increase in depositional current energy with distance away from Bayou 
Lacombe. Therefore, currents from Bayou Lacombe would not be the controlling 
mechanism for sediment distribution. This conclusion is not necessarily accurate because 
this regression includes samples from several different sub-environments. A higher 
resolution regression line for each sub-environment is required to achieve accurate 
distribution patterns for distance from Bayou Lacombe. 
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DISTANCE FROM BAYOU LACOMBE VS. GRAIN SIZE FRACTION: 
TIDAL CHANNEL, POND AND ASSOCIATED MARSH SAMPLES 
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Figure 31. Distance from Bayou Lacombe vs. Grain Size Fraction: Tidal Channel, Pond 
and Associated Marsh Samples. Sand, silt and clay fractions of tidal channel, pond and 
associated marsh samples collected from Big Branch Marsh are plotted against distance 
from Bayou Lacombe. 
There is a slight decrease in sand fraction (R2 = 0.08) and increase in both silt (R2 
= 0.01) and clay (R2 = 0.61) fractions with increasing sorting coefficient of study area 
samples (Figure 32). This relationship is due to the large range of size magnitudes 
between silt and clay particles. With increasing organic matter content, there is a 
decrease in sand fraction (R2= 0.55) and an increase in both silt (R2 = 0.25) and clay (R2 
= 0.39) fractions (Figure 33), suggesting that organic matter may have a better 
opportunity to accumulate in lower energy environments where finer-grained sediments 
are typically found. 
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SORTING COEFFICIENT VS. GRAIN SIZE FRACTION: STUDY AREA 
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Figure 32. Sorting Coefficient vs. Grain Size Fraction: Study Area Samples. Sand, silt 
and clay fractions of all study area samples collected from Big Branch Marsh are plotted 
against sorting coefficient. 
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Figure 33. Organic Matter Content vs. Grain Size Fraction: Study Area Samples. Sand, 
silt and clay fractions of all study area samples collected from Big Branch Marsh are 
plotted against organic matter content. 
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The spatial relationships of study area samples suggest a weak fining pattern with 
increasing distance from Lake Pontchartrain, and increasing organic content. The fining 
pattern from the Jake suggests that storm overwash is a factor in distribution of 
sediment-a landward fining pattern suggests a decrease in transporting current energy in 
a landward direction, a phenomenon that could be associated with storm overwash. 
These results also confirm our interpretation of the role of Bayou Lacombe depositing 
fine-grained sediment following a period of storm overwash. Also, this suggests that 
sediments of the lower energy sub-environments (finer particle size) contain higher 
percentages of organics and are poorly sorted compared to the higher energy sub-
environments (coarser particle size). However, because the study area samples vary 
among depositional sub-environments, a more detailed analysis of sub-groups of the data 
is needed to confirm or reject these general relationships. 
Study Area Marsh 
All marsh surface samples were grouped together to find trends that exist in the 
study area. With increasing distance from Lake Pontchartrain, there was a decrease in d 16 
but no strong correlations in d50 and d84. Neither were there any strong linear regressions 
in sand, silt, and clay fractions, but LOWESS trend lines showed a spike near 1,100 
meters from Lake Pontchartrain in sand fraction with a corresponding valley in silt 
fraction (Figure 34). These anomalies in these trend Jines could be due to the cluster of 
samples retrieved from the Control Marsh and Burn Marsh islands. There is an increase 
in organic content and sorting coefficient with increasing distance from Lake 
Pontchartrain, but the LOWESS trend line shows a decreasing trend in organic content 
from around 600 to 1,000 meters (Figure 35). This break in the positive trend suggests 
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Figure 34. Linear Regression and LOWESS Trend line of Particle Size Fraction with 
Distance from Lake Pontchartrain for Study Area Marsh Samples. Linear regression and 
LOWESS trend lines (smoothing factor of 0.6) of particle size fractions (sand, silt, and 
clay) with distance from Lake Pontchartrain for tudy area marsh surface samples 
collected from Big Branch Marsh. 
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Figure 35. Linear Regression-and LOWESS Trend Line of Organic Content with 
Distance from Lake Pontchartrain for Study Area Marsh Samples. Linear regression and 
LOWESS trend lines (smoothing factor of 0.6) of organic content (%LOI) with distance 
from Lake Pontchartrain for study area marsh surface samples collected from Big Branch 
Marsh. 
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that distance from Lake Pontchartrain is not a major controlling factor on organic content 
of marsh soils in the study area. The lack of strong correlation in inorganic particle size 
implies that marsh sub-environments are the most homogenous, whereas channels and 
open ponds are the most variable in an estuarine marsh system. This is most likely the 
result of transport and deposition processes being similar for all marsh areas sampled 
(little variability in inundation and overwash). In contrast, the transport and depositional 
processes at work in channels and ponds vary considerably with changes in tides, current 
strength, wind speed/direction and storm overwash. 
Lack of significant correlation may be caused by cluster of the marsh samples 
between 1,000 and 1,500 meters from Lake Pontchartrain. Furthermore, the marsh 
samples do not reflect the fining pattern for the entire study area sample group with 
respect to Lake Pontchartrain. This suggests that the overall fining pattern is found in the 
other sub-environments. 
There was an increase in the sand fraction (R2 = 0.34), a decrease in silt fraction 
(R2 = 0.43), and no trend in clay fraction (R2 = 0.0038) in study area marsh samples with 
increasing distance from Bayou Lacombe (Figure 36). LOWESS trend lines show sand 
fraction does not begin increase considerably until near 1,000 meters away from Bayou 
Lacombe and silt fraction correspondingly begins to decrease considerably near 1,000 
meters (Figure 37). These trends are greatly influenced by the coarser grained sediments 
of Control and Burn Marsh samples and are consistent with the coarser bed-material 
found in the ponds. Organic content shows a weak positive linear trend (R2 = 0.03), but 
the LOWESS trend line shows a negative trend from around 600 to 1,100 meters away 
from Bayou Lacombe (Figure 38). These results suggest distance from Bayou Lacombe 
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Figure 36. Distance from Bayou Lacombe vs. Grain Size Fraction: Study Area Marsh 
Samples. Sand, silt, and clay fractions of study area marsh samples collected from Big 
Branch Marsh are plotted against distance from Bayou Lacombe. 
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Figure 37. Linear Regression and LOWESS trend line of Particle Size Fraction with 
Distance from Bayou Lacombe for Study Area Marsh Samples. Linear regression and 
LOWESS trend lines (smoothing factor of 0.6) of particle size fractions (sand, silt, and 
clay) with distance from Bayou Lacombe for study area marsh surface samples collected 
from Big Branch Marsh. 
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Figure 38. Linear Regression and LOWESS Trend Line of Organic Content with 
Distance from Bayou Lacombe for Study Area Marsh Samples. Linear regression and 
LOWESS trend lines (smoothing factor of 0.6) of organic content (%LOI) with distance 
from Bayou Lacombe for study area marsh surface samples collected from Big Branch 
Marsh. 
is not a major controlling factor on organic content for study area marsh samples. There 
was a slightly negative trend in d16 and no strong correlation in d5o and ds4 with 
increasing distance into the marsh. There was also a slightly positive trend in sand 
fraction accompanied by a decrease in silt fraction and increase in clay fraction. 
Organic content showed a slightly negative trend (R2 = 0.03) with increasing 
distance into marsh (Figure 39). These trends with distance into marsh contradict fining 
patterns and organic content increases outlined in previous studies (Yang, 1998). This is 
most likely due to anomalies found in Control and Burn Marsh samples-there is no 
consistent difference in organic content between burned and unburned marsh surface 
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samples. Collecting samples at sites further into the Burn Marsh might help define a 
fining pattern outlined in Yang (1998). The lack of correlation in d5o and ds4 is most 
likely the result of suspended sediment entering marsh from channel overbank flow being 
so fine that fining patterns are difficult to detect. 
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Figure 39. Distance into Marsh vs. Organic Content: Study Area Marsh Samples. 
Organic content of study area marsh samples collected from Big Branch Marsh are 
plotted against distance into marsh. 
To further increase resolution, trends were found in marsh sub-environments. 
With increasing distance into the Bayou Lacombe Marsh, there was a decrease in d1 6 
grain size but no strong correlation in d50 and d84. However, sand (R 2 = 0.19) and silt 
fractions (R2 = 0.08) showed a decrease with increasing distance into marsh and clay 
fraction (R2 = 0.19) increased (Figure 40). This fining pattern shows a drop in energy of 
overbank flow with increasing distance into the marsh. However, these spatial relations 
are limited to the immediate Bayou Lacombe corridor. Interior marsh sub-environments 
could lack this fining pattern with distance into the marsh because previous storm 
overwash is responsible for most deposition in these interior areas--currents from Bayou 
Lacombe lack sufficient energy to carry even fine-grained particles to the interior marsh 
environment in Big Branch Marsh. 
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Figure 40. Distance into Marsh vs. Grain Size Fraction: Bayou Lacombe Marsh 
Samples. Sand, silt, and clay fractions of Bayou Lacombe Marsh samples collected from 
Big Branch Marsh are plotted against distance into marsh from Bayou Lacombe. 
With increasing distance upstream from Lake Pontchartrain, sand fractions 
showed no correlation, but silt fractions decreased and clay fractions increased- these 
correlations are considered weak because of the concentration of samples at 
approximately 2,500 meters upstream of Lake Pontchartrain and scarce samples up- or 
downstream. 
There was a slight negative trend in d 16 (R2 = 0.04) but no strong correlation in d50 
and ds4 with increasing distance into the Tidal 1 Marsh from Tidal Channel 1 (Figure 41). 
Also, there was no significant correlation in grain size fractions. Again, this may be a 
result of the already fine size of the suspended sediment entering the marsh through 
overbank flow. Tidal 1 Marsh samples showed a slightly negative trend in d 16 (R2 = 
0.12), d5o (R2 = 0.19), and d84 (R2 = 0.35) with increasing distance from Bayou Lacombe. 
Sand fractions decreased (R2 = 0.15), silt fractions increased (R2 = 0.08), and clay 
fractions displayed a positive trend (R2 = 0.69) with increasing distance from Bayou 
Lacombe (Figure 42). This fining pattern suggest that sediment distribution near the 
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Figure 41. Distance into Marsh vs. Grain Size: TidaJ 1 Marsh Samples. d16, d50, and d84 
of Tidal 1 Marsh samples collected from Big Branch marsh are plotted against distance 
into marsh. 
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Figure 42. Channel Distance from Bayou Lacombe vs. Grain Size Fraction: TidaJ 
Channel 1 Bed-MateriaJ Samples. Sand, silt and clay fractions of TidaJ Channel 1 bed-
materiaJ samples collected from Big Branch Marsh are plotted against channel distance 
from Bayou Lacombe. 
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Bayou Lacombe corridor is a function of distance from Bayou Lacombe, a relationship 
that implies a drop in suspended load capacity with distance up Tidal Channel 1. Tidal 2 
Marsh samples showed no strong correlation in d 16, d5o or ds4. However, Tidal 2 Marsh 
data showed an increase in sand and decrease silt but no significant trend in the clay 
fraction. The lack of similar correlations between Tidal 2 and Tidal 1 Marsh samples 
could be due to the small number of marsh samples along Tidal Channel 2. 
Burn Marsh samples showed a slightly negative trend in d 16 (R2 = 0.04), d84 (R2 = 
0.17), sand fractions (R2 = 0.013), and clay fractions (R2 = 0.016) and a slightly positive 
trend in silt fractions (R2 = 0.05) with increasing distance into the marsh (Figure 43). 
There was no strong correlation in d50• With increasing distance into the marsh, Control 
Marsh samples showed a slightly positive trend in d 16 (R2 = 0.13), d50 (R2 = 0.04), and ds4 
(R2 = 0.06). Silt (R2 = 0.13) and clay (R2 = 0.14) fractions showed a decrease while the 
sand fraction (R2 = 0.14) increased with distance into marsh (Figure 44). While the 
trends on the Burn Island fit a fining pattern, the trends of Control Marsh samples do not 
fit a fining pattern with distance into marsh and may be an anomaly. One possible 
explanation is that the Burn Island is adjacent to a large pond where storm-deposited 
sediments have been previously deposited. The large pond could allow for a higher 
energy environment where winds could create waves that could pick up coarser sediment 
and deposit it along the northern shoreline of the Burn Island. The Control Island is 
surrounded by narrow channels and is more sheltered, not allowing for the same higher 
energy shoreline. 
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Figure 43. Distance into Marsh vs. Grain Size Fraction: Burn 1. Sand, silt, and clay 
fractions of Burn 1 Marsh samples collected from Big Branch Marsh are plotted against 
distance into marsh from the adjacent pond. 
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Figure 44. Distance into Marsh vs. Grain Size Fraction: Control 2. Sand, silt, and clay 
fractions of Control Marsh samples collected from Big Branch Marsh are plotted against 
distance into marsh from adjacent channel. 
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Channels 
Bed-material samples from Bayou Lacombe were correlated with channel 
distance upstream from Lake Pontchartrain to define a fining trend. With increasing 
distance upstream, d 16 and ds4 of bed-material samples decreased-there was a slightly 
negative trend in d5o. Clay and silt fractions increased with a corresponding decrease in 
sand fraction with distance upstream of Lake Pontchartrain (Figure 45). LOWESS trend 
lines show a considerable amount of change in particle size occurs between the first and 
second cross-section sites-sand fraction decrease with a corresponding increase in silt 
fraction (Figure 46). This fining pattern suggests two different possible scenarios: (i) 
Flood tidal flow is more influential than ebb tidal flow on sediment distribution in the 
Bayou Lacombe Channel with finer sediments falling out of suspension with increased 
distance upstream from Lake Pontchartrain; (ii) Coarse-sediments have been introduced 
into the channel by storm activity and have yet to be removed by tidal currents. This also 
confirms that coarser particles derived from the upstream watershed is limited, 
confirming that there is a fine-grained dominated load moving downstream in the study 
area. Organic content of Bayou Lacombe Channel samples shows a positive linear trend 
with increasing distance Lake Pontchartrain and produces a LOWESS trend line showing 
most of the increase up to around 2,500 meters upstream (Figure 47). This corresponds 
with the considerable change in particle distribution between the first and second cross-
section sites on Bayou Lacombe, suggesting that sand-sized particles being reworked by 
tidal-currents are limited to around the lower 2,500 meters of the Bayou Lacombe 
channel. 
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Figure 45. Channel Distance from Lake vs. Grain Size Fraction: Bayou Lacombe 
Channel Samples. Sand, silt, and clay fractions of Bayou Lacombe Channel bed-material 
samples collected from Big Branch Marsh are plotted against channel distance from Lake 
Pontchartrain. 
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Figure 46. Linear Regression and LOWESS trend line of Particle Size Fraction with 
Distance from Lake Pontchartrain for Bayou Lacombe Bed-Material Samples. Linear 
regression and LOWESS trend lines (smoothing factor of 0.6) are produced for sand, silt, 
and clay fractions with distance from Lake Pontchartrain for Bayou Lacombe Channel 
bed-material samples collected from Big Branch Marsh. 
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Figure 47. Linear Regression and LOWESS Trend Line of Organic Content with 
Distance from Lake Pontchartrain for Bayou Lacombe Bed-Material Samples. Linear 
regression and LOWESS trend lines (smoothing factor of 0.6) are produced for organic 
content (%LOI) with distance from Lake Pontchartrain for Bayou Lacombe Channel bed-
material samples coJlected from Big Branch Marsh. 
Tidal Channel 1 samples were correlated with distance from Lake Pontchartrain 
and distance from Bayou Lacombe. With increasing distance from the lake, there was a 
slightly negative linear trend in sand fraction and slightly positive linear trends in silt and 
clay fractions. While these trends do exist, they are not strong enough to suggest any true 
relationship between distance from lake and particle size because any significant increase 
in distance from the lake is also further up Tidal Channel 1 from Bayou Lacombe. There 
was a decrease in d 16 values and no strong correlation with dso and ds4 with increasing 
distance from Bayou Lacombe. This again confirms that Bayou Lacombe does have a 
limited influence in the immediate bayou corridor, but ubiquitous storm overwash is only 
apparent beyond this point. Bed-material samples showed an increase in silt and clay 
fractions and a decrease in sand fraction with increasing distance from Bayou Lacombe 
(Figure 48). Increases in sorting coefficient and organic content were positively 
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correlated with distance from Bayou Lacombe (Figure 49). These trends indicate a wider 
particle distribution and lower energy conditions further up the tidal channel. 
Tidal Channel/Pond 2 bed-material samples showed no strong correlation with 
distance from Lake Pontchartrain-this grouping also lacks a significant range of 
distances from Lake Pontchartrain. With increasing distance upstream from Bayou 
Lacombe, samples showed a decrease in dt 6, d5o, sand fraction, and silt fraction up to 
around 1,000 channel meters from Bayou Lacombe, where all four variables again 
increase in value and then either level off (sand and silt fraction) or continue a negative 
trend (dt6 and dso) . There is an increase in clay fraction and d 84 until the same break 
point, where clay fraction drops down and continues to level out and d84 jumps up and 
continues in a slightly negative trend (Figures 50 and 51). These breaks in trends are 
most likely due to the abundance of pond samples ranging from approximately 1,000 to 
2,000 meters. Until the 1,000 meter break appears, trends indicate an overall fining 
pattern with distance up the tidal path. However, the jump up in particle size at 1,000 
meters suggests an introduction of sediment, a different controlling factor or a 
combination of the two. It is likely that coarser particles were introduced to the ponds 
and daily tidal currents have been unable to remove the coarser particles-storm 
overwash has remained here and is not masked by fine-grained clays and silts introduced 
from Bayou Lacombe. 
When correlating particle size data from both tidal channel bed-material sample 
groups with distance from Lake Pontchartrain, there is a slightly negative trend in dt 6, 
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Figure 48. Distance from Bayou Lacombe vs. Grain Size Fraction: Tidal Channel 1 
Bottom Samples. Sand, silt, and clay fractions of Tidal Channel 1 bed-material samples 
collected from Big Branch Marsh are plotted against distance from Bayou Lacombe. 
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Figure 49. Distance from Bayou Lacombe vs. Organic Content/Sorting Coefficient: Tidal 
1 Channel Samples. Sorting coefficient of Tidal Channel 1 bed-material samples 
collected from Big Branch Marsh are plotted against organic matter content. 
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Figure 50. Channel Distance from Bayou Lacombe vs. Grain Size: Tidal 2 Channel/Pond 
Samples. d 16, d5o and ds4 of Tidal Channel/Pond 2 bed-material samples collected from 
Big Branch Marsh are plotted against channel distance from Bayou Lacombe. At 1,000 
meters from Bayou Lacombe, there is a jump up in alJ three particle size statistics. 
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Figure 51. Channel Distance from Bayou Lacombe vs. Grain Size Fraction: Tidal 
Channel/Pond 2 Bottom Samples. Sand, silt, and clay fractions of Tidal Channel/Pond 2 
bed-material samples collected from Big Branch Marsh are plotted against channel 
distance from Bayou Lacombe. 
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d50, and d84. Sand fraction decreases, silt fraction increases, and clay fraction shows a 
slightly positive trend (Figure 52). LOWESS trend lines show peak sand fraction with a 
corresponding low in silt fraction near 1,000 meter (Figure 53). The non-linear 
LOWESS trend lines negate distance from Lake Pontchartrain as a major controlling 
factor for particle distribution for tidal channel bed-material. Organic content also shows 
a positive linear trend with distance from the lake, but the LOWESS trend line shows a 
negative trend beginning near 1,200 meters from the lake (Figure 54). This negative 
trend is most likely unreliable due to the wide range of organic content shown in samples 
collected around 1,400 meters from Lake Pontchartrain. When correlated with distance 
from Bayou Lacombe, sand fraction decreases up to 500 meters from Bayou Lacombe. 
Silt and clay fractions both increase up to 500 meters from Bayou Lacombe (Figure 55). 
LOWESS trend lines show a positive trend in sand fraction starting around 800 meters 
and a negative trend in silt fraction starting around 500 meters from Bayou Lacombe 
(Figure 56). This fining pattern followed by a coarsening trend indicates a scenario 
where sands are being reworked, removed, or masked by tidal currents more dominantly 
within the first 500 to 800 meters from Bayou Lacombe than in the interior area further 
away from Bayou Lacombe. Again, these trends may be a function of an unselective 
introduction of sediment through storm overwash and selective removal/introduction 
varying with sub-environment current energy. The LOWESS trend line for organic 
content of Tidal Channels samples indicate a positive trend up to around 500 meters from 
Bayou Lacombe followed by a negative trend (Figure 57). This variability could be due 
to the variety of sample sites located along Tidal Channel 2, where some ponded areas 
could yield a range of organic contents. 
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Figure 52. Sand, silt, and clay fractions of Tidal Channels bed-material samples collected 
from Big Branch Marsh are plotted against distance from Lake Pontchartrain. 
Particle size of tidal-channel bottom sediment in Big Branch Marsh 
8 
0 0 
0 
"' 
~0 
c-o 
>-
.. 
u 
~ 
r'=O.OO / 
0 f 
., 0 
c <D 
.. 0 0 " • 0 
ii 
~ 
. 0 • 
., ... 
c 
.. 
.. 
~ 
• 0 ~ t-------::/"""~~~~:>.::=oQJ.0!!3_~·A~x~_j 
_.:< .... X- -X··· ~;(jj~·- ... ~- .. ~~';-X-.---
--------- ---- ~ . . . 
0 • 
0 500 1,000 
Distance from Lake Pontchartrain (m) 
EXPLANATION 
• Sand 
o Silt 
X Clay 
- Linear regression for sand and silt 
- - - - Linear regression for clay 
- LOWESS trend line for sand 
LOWESS trend line for silt 
1,500 
Figure 53. Linear Regression and LOWESS trend line of Particle Size Fraction with 
Distance from Lake Pontchartrain for Tidal Channels Bed-Material Samples. Linear 
regression and LOWESS trend lines (smoothing factor of 0.6) of sand, silt, and clay 
fractions are produced with distance from Lake Pontchartrain for Tidal Channels bed-
material samples collected from Big Branch Marsh. 
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Figure 54. Linear Regression and LOWESS trend line of Organic Content with Distance 
from Lake Pontchartrain for Tidal Channels Bed-Material Samples. Linear regression 
and LOWESS trend lines (smoothing factor of 0.6) of organic content (%LOI) are 
produced with distance from Lake Pontchartrain for Tidal Channels bed-material samples 
coUected from Big Branch Marsh. 
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Figure 55. Distance from Bayou Lacombe vs. Grain Size Fraction: Tidal Channels 
Bottom Samples. Sand, silt, and clay fractions of Tidal Channels bed-material samples 
coUected from Big Branch Marsh are plotted against distance from Bayou Lacombe. 
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Figure 56. Linear Regression and LOWESS trend line of Particle Size Fraction with 
Distance from Bayou Lacombe for Tidal Channels Bed-Material Samples. Linear 
regression and LOWESS trend lines (smoothing factor of 0.6) of sand, silt, and clay 
fractions are produced with distance from Bayou Lacombe for Tidal Channels bed-
material samples collected from Big Branch Marsh. 
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Figure 57. Linear Regression and LOWESS Trend Line of Organic Content with 
Distance from Bayou Lacombe for Tidal Channels Bed-Material Samples. Linear 
regression and LOWESS trend lines (smoothing factor of 0.6) of organic content (%LOI) 
are produced with distance from Bayou Lacombe for Tidal Channels bed-material 
samples collected from Big Branch Marsh. 
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Ponds 
Particle size and organic content data were correlated for Pond bed-material 
samples. There was a clear negative relationship between d 16, d5o, and ds4 and organic 
matter percentage (Figure 58), indicating higher percentages of organics in samples from 
lower energy pond settings. With increasing distance from Bayou Lacombe, there was an 
increase in sand fraction, d 16, and d50; a slightly positive to no trend in silt fraction and 
d84; and a decrease in the clay fraction (Figure 59)-this coarsening trend in grain size 
fraction again may be a function of lack of sufficient energy to remove coarse grained 
particles. With increasing distance from Lake Pontchartrain, Pond bed-material samples 
had a decrease in sand fraction, negative trends in d 16, dso, and ds4 with corresponding 
increases in silt and clay fractions-these correlations appear strong but Pond samples 
only range from 1,000 to 1,400 meters from the lake, preventing the Pond samples from 
producing any true, strong correlation between particle size and distance from lake, but 
nonetheless still support the idea of storm overwash controlling the distribution of 
sediment in the ponds. 
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Figure 58. Organic Matter vs. Grain Size: Pond Samples. d 16, d5o and ds4 of pond bottom 
samples collected from Big Branch Marsh are plotted against organic matter content. 
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Figure 59. Distance from Bayou Lacombe vs. Grain Size Fraction: Ponds. Sand, silt, and 
clay fractions of pond bottom samples collected from Big Branch Marsh are plotted 
against distance from Bayou Lacombe. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
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After collecting, processing, and analyzing sub-aerial and sub-aqueous samples 
from the study area in Big Branch Marsh National Wildlife Refuge, this project has been 
successful in defining relations and trends between sedimentary variables and sub-
environments that indicate the major controlling influences on sediment distribution in an 
exemplary estuarine marsh of the micro-tidal northern Gulf Coast. Some results return in 
agreement with a model where there is one dominant process that distributes sediment in 
an estuarine marsh environment, whereas others suggest control for sediment distribution 
in the study area is a combination of equally critical punctuated events and daily 
processes. 
There were differences in particle size distribution between many estuarine marsh 
sub-environments. Some results agreed with the sediment distribution model described 
by Ward et al. (1998) and Yang (1998), where marsh sub-environments have finer 
inorganic sediments than the nearby channels and ponds. Other results suggest this is not 
the case in all sub-environments. 
Both Bayou Lacombe and Tidal Channel 1 bed-material samples had a 
significantly coarser particle distribution than surface samples from their respective 
associated marshes (in agreement with Ward et al. (1998)) but had lower sand fractions 
than the Ponds and Burn Island Marsh sub-environments. Whereas there were no 
significant differences in average particle size statistics between Bayou Lacombe and 
Tidal Channel 1 bed-material samples, Tidal Channel/Pond 2 did produce a finer average 
particle size distribution than both Bayou Lacombe and Tidal Channel 1, indicative of a 
lower energy environment that is distal from Lake Pontchartrain, the source of storm-
related sands. 
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Bed-material samples from ponds yielded the second highest sand fraction of the 
sub-environments, despite being a supposed lower energy sub-environment-Burn 1 
Marsh samples yielded the highest sand fraction. Yang ( 1998) found marsh sediments 
were 1.55 times finer (consisting of mostly silts and clays) than the adjacent tidal flats 
(consisting mostly of sands); the comparison of the Ponds sub-environment with the Burn 
1 Marsh samples does not fit this model. Pond samples yielded a median sand fraction of 
29.5%, and Burn 1 Marsh samples yielded a median sand fraction of 28.4%. This lack of 
considerable difference in sand fraction can be attributed to the unbiased introduction of 
these sands through storm overwash and subsequent minimal reworking by tidal-currents. 
Samples from Burn and Control Marsh islands yielded a much coarser particle 
size distribution than the other marsh sub-environments. When comparing marsh 
samples nearer Bayou Lacombe to those in the interior of the study area and channel 
samples to interior pond samples, it is evident that finer-grained material introduced 
through and reworked by tidal currents masks coarser-grained storm introduced material 
in the Bayou Lacombe corridor, yielding a rapid decline in size with increasing distance 
from Bayou Lacombe. In the interior areas of the study area, this finer-grained material 
is minimally brought in by tidal and fluvial currents, leaving un-masked, coarser-grained 
sediment that was introduced by storm overwash similar to the model described by 
Nyman et al. (1995a). 
Fining patterns are limited to the immediate Bayou Lacombe corridor- marsh 
samples produced a fining pattern with distance from channel into the marsh adjacent to 
Bayou Lacombe and Tidal Channels but not interior Ponds. There was also a fining 
pattern in Tidal Channel 1 samples with distance from Bayou Lacombe, and a fining 
pattern in Bayou Lacombe deposits with increasing distance from Lake Pontchartrain. 
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Bayou Lacombe, Tidal Channel 1, and Burn Marsh samples showed fining 
patterns with increasing distance into the marsh, but Control Marsh samples showed an 
overall coarsening pattern. The Bayou Lacombe fining pattern suggests there is a limited 
supply of coarse-grained sediment upstream. However, the Bayou Lacombe fluvial 
system does play a vital role in marsh accretion by introducing fine-grained sediment, as 
indicated by this pattern-this finding is in contrast to the model where storm overwash 
is a key factor and fluvial currents are demoted (Turner et al., 1997). Furthermore, this 
pattern and the fining patterns in the Bayou Lacombe Marsh, Tidal Channel 1 bed-load, 
and Tidal Channel 1 Marsh samples suggest tidal/fluvial currents distribute sediment to 
the sub-environments in the immediate Bayou Lacombe corridor. These fining patterns 
do not exist in the Pond, Control Marsh, or Burn Marsh samples, suggesting the tidal 
currents from Bayou Lacombe are not a major factor in distributing sediment in these 
interior areas. 
This distribution of sediment can be explained by the combination of two 
different sediment introduction mechanisms: daily tidal currents that flush fine-grained 
suspended sediment from Bayou Lacombe into the adjacent marsh and storm overwash 
from Lake Pontchartrain. Storm events introduce un-biased, (with respect to particle 
size) sediments into parts of the study area that become inundated, producing a fining 
pattern from Lake Pontchartrain but are nonetheless coarse-grained relative to other 
marsh sediments, similar to the model described by Nyman et al. (1995a). This 
introduction of coarse material effectively interrupts the fining pattern from Bayou 
Lacombe similar to storm-deposited coarse-grained sediment in Ward et al., 1998. 
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Samples from the interior of the study area (furthest away from Bayou Lacombe) 
possess a coarser particle size distribution than those nearer Bayou Lacombe, suggesting 
that higher energy storm overwash has deposited coarser material that has not been 
masked by finer sediment introduced by tidal currents from Bayou Lacombe. 
Daily tidal currents are responsible for reworking and distributing the sediment 
and do so within the removal/carrying capacity of the tidal currents. While these daily 
tidal currents work on much of the study area, especially near Bayou Lacombe, 
sedimentation as a result of the micro-tidal currents declines considerably in interior areas 
away from Bayou Lacombe. These areas are indicated by sub-environments that are 
thought to be the lowest energy setting within the estuarine-marsh environment but 
possess coarser sized particles than the presumed higher energy sub-environments. 
Samples from the interior of the study area are shown to have larger sand 
fractions than samples collected nearer Bayou Lacombe (Figure 60). Ward et al. (1998) 
suggest it is typical for channels and flats to have coarser sediment and lower organic 
content than the marsh interiors. This is only true for parts of the study area where 
tidal/fluvial currents carry sediment into the marsh (immediate Bayou Lacombe corridor). 
Figure 60 shows samples immediately adjacent to Bayou Lacombe with higher sand 
fractions and lower sand fractions in samples with increasing distance from Bayou 
Lacombe. 
BIG BRANCH MARSH: STUDY AREA SAMPLES(% SAND) 
Figure 60. Study Area Sample Locations: Sand Fraction. Image above shows sand fraction of study area samples collected 
from Big Branch Marsh. Larger circles represent larger sand fractions. ....... 0 
0\ 
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The interior of the study area does not have tidal currents strong enough to 
distribute the coarser-grained sediment. The sediment in these areas is distributed by 
storm overwash outlined by Nyman et al. (1995a) and Ward et al. (1998). Furthermore, it 
is likely that organics are allowed to accumulate in these interior areas because tidal 
currents do not remove the accumulating organics. Therefore, the distribution of the 
entire study area's inorganic sediment is a mixture of these two mechanisms-tidal 
currents introduce fines to the immediate Bayou Lacombe corridor, and storm overwash 
introduces coarser sediments to the entire study area. 
Increases in organic content occur with transition from the Bayou Lacombe 
Channel to the Tidal Channels and then to the Ponds sub-environments. Following a 
model where organic matter content is highest in lowest energy environments, the marsh 
of the study area should have the highest organic content. However, marsh samples yield 
an organic content lower than pond samples. 
While still considerably high, this lower organic content in marsh samples 
contradicts the model where tidal flats have lower organic contents than the soil samples 
of the adjacent marsh (Ward et al., 1998). It is likely that the Ponds sub-environment 
yields the highest organic content in the study area due to the minimal amount of tidal 
energy to flush out the ponds- fecal matter and other organics are allowed to accumulate. 
This also represents a very productive ecosystem. 
Results in this thesis indicate that micro-tidal estuarine marsh environments 
display sedimentary diversity that is associated with fluvial inputs, lateral transfer by tidal 
currents, and episodic storm overwash processes. Restoration efforts involving 
introduction of sediment should consider the diversity of sedimentary processes and sub-
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environments found in estuarine marsh systems. Distributing the natural amounts and 
types of sediments to the variety of sub-environments will ensure that natural conditions 
are mimicked. 
The sedimentary diversity is an important factor in estuarine marsh sustainability. 
It is more likely that the required amount of inorganics for sustainable marsh accretion 
rates can be delivered into the system with several sediment distribution and deposition 
mechanisms. Furthermore, the fresh to brackish environment is a system where organic 
matter accumulation plays a major role in marsh vertical accretion. These favorable 
factors are also accompanied by the likely continued urbanization of the Bayou Lacombe 
drainage basin, which should help increase sediment introduction through occasional 
riverine flooding. Considering the factors local to the estuarine marsh development of 
the study area, conditions and developmental processes seem favorable for sustainability 
in the face of local sea-level rise. 
Irnprovemen ts 
This study was approached with the main goal of defining the depositional 
processes taking place within the estuarine-marsh environment. Samples were collected 
at an interval and spacing so that sample locations would cover an area along two tidal 
paths from Bayou Lacombe to two marsh study islands from a previous study (Henton, 
2009). As a result, some sub-environments lacked resolution, and some correlations were 
weak because of a lack of range of samples with respect to distance from Lake 
Pontchartrain. To strengthen conclusions, more marsh samples could be collected both 
closer and further away from Lake Pontchartrain. Also, more interior marsh samples 
could be retrieved to strengthen the fining pattern with distance into marsh. Elevations 
could also be surveyed to map the topography of the marsh islands, the tidal channels, 
and Bayou Lacombe to estimate differences in inundation/flood frequency. 
Future Research 
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Possible future research related to the project could be either more focused or 
broader in nature. More attention could be paid to a single tidal channel drainage system 
in the area and intensely sampled achieve a high resolution sediment distribution with the 
sub-environment. Also, the affects of the CWPPRA site on sediment distribution and 
pond depths can be studied by focusing on the other side of the pipeline canal. In the 
event of a hurricane or tropical storm, post storm deposition could be immediately 
sampled, and a time sensitive study done to define the ability and efficiency of micro-
tidal currents reworking storm deposited sediment. 
On a broader scale, results from this study can be compared to similar estuarine-
marsh environments along the northern Gulf Coast to verify the major depositional 
processes common to these environments. Also, by comparing to fluvio-tidal systems 
with larger drainage basins, the effects of increased fluvial influences can be studied. In 
the environmental realm, additional studies can be done to determine if abiotic models 
can be developed to ensure efficient distribution of sediment in marsh restoration efforts. 
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